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editor’s preface 


These Basic Mathematical and Statistical Tables for Psychology and 
Education represent an attempt to replace the usual portable collections 
of general-purpose mathematical tables with a small reference book 
designed specifically for a broad specialty area. It appears reasonable to 
omit, for instance, standard mortality tables from a reference work 
intended for electrical engineers and elliptic integrals from tables for 
education majors. Such moderate specialization has made it possible to 
present, instead, more useful and interesting material in each specialty 
area. The publisher’s permission to reprint material from the massive 
array of McGraw-Hill handbooks has made it possible to offer a very 
comprehensive collection of useful reference material at а moderate price. 
Similar tables in business and economics, electrical engineering, chemistry, 
and physics are companion volumes. 

Considerable effort has been expended {о select a format, paper color, 
and flat-opening book cover which would make it possible to consult 
tables with а maximum of convenience. 

This handbook, designed for students and professionals in education, 
psychology, sociology, and many related fields, comprises, in addition 
to tables of numerical functions and useful probability distributions, а 
considerable collection of formulas for reference. A brief discussion sec- 
tion, including suitable definitions, precedes each group of tables; the 
reader is referred to standard texts for more detailed information. 

Section 1 presents useful form ulas, including a 438-item integral table, 
units, conversion factors, and physical and numerical constants. Sections 2 
through 4 are standard four- and five-figure logarithm and function tables, 
with the frequently used four-figure tables collected in one place for 
convenient reference. 

Section 5 comprises practical tables of the standardized normal, bi- 
nomial, Poisson, gamma, and beta distributions; Section 6 contains critical 
values, power functions, and confidence intervals for the classical tests 
based on normal samples. 

Section 7 has nine tables for frequently useful nonparametric tests, 
and Section 8 refers to tests of correlation and association, both classical 
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Editor’s preface 


and nonparametric. Section 9 includes data for simplified statistics based 
an the sample range rather than on sample variance and presents tables 
of random numbers to aid in statistical experiments. Coefficients of orthog- 
onal polynomials, a table of the aresin transformation, an entropy table, 
and a list of references complete the volume. 

The editor and the publishers owe special thanks to the many 
McGraw-Hill authors who have permitted tabular material to be re- 
printed here and thus have made this small manual possible. 

This volume of tables and formulas is, in a sense, an experiment, and 
the editor will always be grateful for comments and suggestions relating 
to possible improvements in this series. 


Granino A. Korn 
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imtroduction to the use of 
tables, linear interpolation, 
and logarithms 


FUNCTION TABLES AND LINEAR INTERPOLATION 


Numerical tabulation of a continuous function f(x) of the numerical 
argument x to within m significant figures implies a round-off, or quan- 
tization, error. The absolute value of the round-off error will be less than 
or equal to one-half the value of the least significant digit tabulated. 
Greater accuracy necessarily requires a table with more significant 
figures. 

Table entries of /(z) can, of necessity, be made only for a discrete 
set of values of the continuous independent variable x, say for x = zi, 
=, ... (Fig. 1-1). For reasonably "smooth" functions f(x) we 
can, however, approximate function values f(x) for arguments x between 
zk and pı by values of a simple continuous curve (straight line, para- 
bola) which passes through the tabulated points. The simplest approach 
employs a straight line through the points (ее, Как), (teva, Лек | аз an 
approximation function: 


јад = fey p ως бо - ш, (1-1) 


Фен! — Tk 


(linear interpolation, Vig. 1-2). The tables in this volume are designed 
for linear interpolation, i.e., we have chosen the constant tabular interval 
акна — Te sufficiently small to make the added absolute error due to the 
approximation (1-1) less than the round-off error in each table. Any 
exception to this rule, say in a region where f(x) has a large curvature, 
is noted in the individual tables. 

Linear interpolation is greatly simplified by tables of proportional 
parts. Tables of proportional parts are small multiplication tables listing 
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Af(x) 


Πα). 


}smallest significant digit of f(x) 


Tabulated function value 


| Ш 


Tabular | 


interval 


(errors are exaggerated for clarity). 


Graph of а continuous function f(x) showing tabulated values and round-off errors Е 


Af (x) 


True function value 


Correction added 
to f(x,) 


(ху) 


Interpolated | 
function 


W 


χμ 
Linear interpolation. Νο round- 


ν 
ОЁ error is shown; їп practice, interpolation errors are 
smaller than round-off errors. 
> 
E A 
д 
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228) Introduction 
ЈА integral multiples оѓ 
Е fe) IE — Дан) — Παν] (1-2) 


| in units of the last significant digit of f(x). The resulting corrections are 
-7 then simply added to f(z;) to yield the desired approximation (1-1). The 
| correction will be negative for decreasing functions. 


Example 
| To find logy» 7.0123, we read 
f(z) = logio 7.0120 = 0.84584 


: f(x) = logio 7.0130 = 0.84590 
|. JG) — ЈСек) = (0.0000)6 


The proportional-parts table yields the correction 3(640) = 1.8 = 9, 
which is added to log ιο 7.0129 = 0.84584 to yield Ίοσιο 7.0123 = 0.84586. 


INVERSE INTERPOLATION 


| In order to find the argument value z corresponding to a given function 
value f(x) from a table of f(x), we note the arguments гр, зару > zx COT- 

- responding to the nearest tabulated function values f(z;), fü, i) and 

| employ Eq. (1-1) to obtain the approximation 


z = zx + 


Ὅκει — Tk 
Tay Кер VO —7®®! (1-3) 


^ The desired correction 


Дать) — ЈСек) 


‚ сап Бе obtained with the aid of proportional-parts tables; the correction 
* will be negative for decreasing functions. 


, кр — Tk а; 10 r 4 
| + U@) — Лед] = xc πας UG) — Лай] (14) 


1^ Example 
—* То find antilog;o 0.84586 = 109:54556 from the logarithm table, we read 


Ë ^ antilog;o 0.84584 = 7.0120 
| antilog;o 0.84590 = 7.0130 


| and Eq. (1-3) yields 
, z = 7.0120 + 196(2) = 7.0120 + 3 = 7.0123 


Imtroduotion E 


LOGARITHMS 


The common (Briggsian) logarithm logi x is defined by 102 =y | ` 
(z > 0). The logarithmic function has the properties 


| 

logio ab = logis a + logio b Е 

logi 7 = logio а — logy b | 
Ίοβιο a? = р logy a (@>0,6> 0, q = 0) (1-5) Е 

logio Va = ΗΟ а κ | 


which permit Very convenient computation of products, quotients, К 
powers, and roots with the aid ог logarithm tables. 


То find the common logarithm logy) z of a given positive number ib, 
we always write z in the form 


z = N X 10" (п = 0, +1, ees sa) (1-6) 
where N is a number between 1 and 10. It follows that 
Ίοβιο z = logo N + n (n = 0, +1, SA xad) (1-7) 
where logio М is a number between 0 and 1 (mantissa of the logarithm); 
the integer N is called the characteristic of logy x. 
Examples 


logis 7.4010 = 0.87929 
log; 740.10 = 0.87929 + 9 = 2.87999 
logo 0.074010 = 0.87929 — 2 = 8.87929 — 10 


(sometimes written 2.87929) p 


| 


То find the number z (antilogarithm) corresponding to a given value 
of y = logo z, we always rewrite y in the form (1-7) and then employ 
the logarithm table to find the number V corresponding to the mantissa. 


Examples of computations 


(a) logio 2 = 0.30103 
logis 8 = 0.90309 
logo (2 X 8) = 0.30103 + 0.90309 = 1.20412 
“2X8 = 1.600 x 10 = 16.00 


(6) logio 35 = 0.90309 — 0.30103 = 0.60206 
-. 8$ = 4.000 
(с) logi 4/8 = 15 (0.90309) = 0.30103 
^ УВ = 2.000 


Pj 
гу 
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(d) Ίοριο VŽ = 14(0.30103) = 0.15052 
л М2 = 1.4149 
log; 4/20 = 15(1.30103) = 0.65052 
ΝΟ = 4.4722 (correct value is 4.4721) 
logi V/0.2 = 14(0.30103 — 1) = 15(1.30103 — 2) 
<. М0.2 = 0.44722 (correct value is 0.44721) 


NATURAL LOGARITHMS 


ων l W> | 


The natural (or Naperian) logarithm log, x is defined by 


ES 


elogez = z e = 2.71828 (1-8) 
1 Note 
1 
[ log, z = одр logio z = log. 10 logio x (1-9) 


М = logie = 0.43429 


LOGARITHMS ОЕ TRIGONOMETRICAL FUNCTIONS 


In view of the relations 


cos x = sin (90° — 2°) cot x = tan (90? — 2°) 


ES = 
ed 


the number of degrees and the name of each trigonometric function is 

read from the top of the page for angles between 0° and 45°; the corre- 

| à sponding information for angles between 45° and 90° is found at the 
] bottom of the page and in the right-hand columns. Following common 

usage, logarithms of trigonometrical functions are tabulated in the form 

| 9... —10 instead of 0... . —1, and the —10 portion of the char- 
η. acteristic is not printed in the table. 
] Five-figure tables of logio sin z and logio tan z do not permit linear 
~ interpolation for small angles between 0? and 3°; the same is necessarily 

| true for logi cosx and logio cot x for angles between 87° апа 90“. 
| Table 3-2 gives special correction functions permitting interpolation in 
-' these regions (refer to p. 89 ). 

Г To find trigonometric functions or their logarithms for angles not 
1 between 0° апа 90°, опе employs the formulas 


| ] sin (z + 1360?) = БН cos (2 + 360°) = cos x n 


| tan (z + 180°) = tan x cot (z + n180°) = cot z = +1. 9, ) 
Г sin (180° — z) = sin z cos (180? — z) = — cos x 
tan (180? — =) = — tan z cot (180? — x) = — сока 
| sin (—2) = — sin z соз (—z) = — cos z 
| {ап (—2) = — tanc cot (—х) = — eot x 


Trigonometric identities* 


(An identity is an equality which is true for every value of the variable.) 


sin z csc z = 1 cos 2 ѕесх = 1 tanzcotz = 1 
sin? т + cos? z = 1 вес? = = 1 + tan? z cse? z = 1 + cot? z 


sinz созт 
созт sin z 


tanz = 


sin (—z) = — sin z cos (—z) = cos z tan (—z) 
cot (—z) = — cot z sec (—z) = + sec z све (—z) 
Sin (z + у) = Sin z cos y == cos z sin y 


tan z + tan y 
=—— ту 
1 ¥ tanz tan y 


sin (Z ==) = созт cos (2252) = жышт 


sin 2z = 2 sin z cos z 


tan (z + y) = 


соз 25 = cos? 2 — sin? z = 2 cos? z — 1 = 1 — 2sin2 = 


2 tanz 
1 — tan? z 


„Ж 1 — созт a 1 + cos z 

sin; = + 4/ 2 шыра == 

а ы. [ — созт _ Sin z = 1 — cosz 
2 1+ созд 1+ cosz 


Sin z 


tan 2z = 


where the sign is chosen 


° to agree with the sign of the function on the left side of the 
equation. 


sin + sin y = 2 sin ZEY Eu 


Sin z — sin y = 


соз z + cos у = 


Ι 
t 
° 
° 
a 


«052 — cosy = ~2sin Fu 


Relations among Sides ап 
Law of Sines 


a 5 ο 
sinA sinB sin 


Law of Cosines 


a? = b? + οἳ — ор cos A 
b° = а + c — 2ac cos B 
È = a? + зар cos C 


* By I. Maddaus, Jr., from W. D. Cockrell 
McGraw-Hill Book Company, New York, 1958 
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; "Industrial Electronics Handbook," 


| Trigonometric identities (continued) 
4 Law of Tangents 
a—b tan (4 — В) А 
a+b tan (А-В) 
α--ο tan М(А — C) 
tan }4(A + C) 


| a+c B 
о b—c _ tan ο — C) g 
Бре tan В + C) 
| Ξ Half-angle Formulas 
4 Y B γ C + 
© = = em S es 
Warez. МНЕ γε 


| where s = (а + b + ο) 
Mp ст“ 
Aime „је — a)(s — b)(s — с) 
y =| —— 
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| Mollweide’s Equations 
LA a+b со УХА — B) b + c _ cos (В — C) ска ов С — A) 


B sin 4C a sin 14A BU sin 4B 
| a — b _ sin ИА — В) b — c _ sin УВ — C) с-а sin 4(C — А) 
Са с соз 4C а cos MA Бо cos В 


ccos B + beosC = a ccos A + a cos C = b bcos А + a cos B = c 
where À + B + C = 180° 


Relations among Sides and Angles of Any Spherical Triangle 


Law of Sines 


Law of Cosines for Sides 


cos a = cos b cos c + sin b sin c cos À 
cos b = cos a соз c + sin a sin c cos В 
соз с = cos a cos b +- sin a sin b cos Ç 


Law of Cosines for Angles 


cos А = — cos B cos C + sin В sin С cosa 
сов B = — соз А cos C + sin А sin C cos b 
сов С = — cos А cos B + sin Á sin B cos c 


Y К 
МА = — tan 4B = ——— Ee 
tan МА sin (s — a) n 36 sin (s — 5) tan ИС sin (s — c) 


where s = У (@ + b +c) 
=” ЖЕСЕ вади 


sins 


3 

) 
] 1 Half-angle Formulas 
K 


Trigonometric identities (continued) 


Half-side Formulas 


tan Ма = R cos (S — A) tan 14b = Р cos (S — B) tan Lc = В cos (S — C) 
where S = (A + B + C) 


R- ψ — с055 
— Nos (S — A) cos (S — В) cos (8 — C) 
Napier's Analogies 
sin М(А — B) _ tan (а — b) 
sin (А +B) tan мс 


cos 4(A — B) _ tan ија + b) 

cos (А + B) tan ИС 
sin 14(a — b) _ tan (A — В) 
sin (а +b) — cot VC 
соз М (а — b) _tan (А + B) 
cos (a +b) сов 14C 


Other forms of Napier’s analogies may be obtained by a cyclic interchange of the letters. 


Relations among the Sides and Angles of a Right Spherical Triangle When C = 90° 


1. sina = sin c sin A 6. sinb = sin c sin B 
2. tan b = tan c cos A 7. tana = tan ς cos В 
3. tana = sin b tan А 8. tanb = sin a tan B 
4. cos А = sin B cosa 9. cos B = cos b sin A 
5. cosc = cos a cos b 10. 


- cosc = cot А cot B 
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Differentiation formulas* 


(c апа п are constants. 


и, v, and w are functions of z. 


log, = In, 


М = logio = 0.4342944819) 


Differentiation formulas 


e = 2.7182818285, 


No. лә Νο. Кој ка сла 
1 е 17 sin“! u а = ш), 
" 18 cos"! u -ü = ии 
3 ου 19 апи (а + ut) tul 
20 соб! u —( + uu 
š Ж терин 21 sec“! и и-и? — Ни 
ES 22 свети ο ο. 
5 bi 23 sinh u cosh и-и 
v 24 cosh и sinh u u” 
6 ч" , 25 tanh u sech? u- μ΄ 
7 и" vu*7!u' + ευ’ In u 26 coth и = csch? и-и’ 
аи), 27 sech и — sech и tanh ии" 
8 fü) πρ 98 csch u — csch u coth u: и" 
% " p 29 sinh7! u +á 
í 30 cosh“! w 
10 Inu E 31 апі u 
ч 85 coth™ u 
n sin u cos u + u’ , 33 sech-! u иа un Mu 
1 сози — Bin u*u 22 = - ^ 
ud 34 евент u сита + ии 
ІЯ Ww ч сз le i 35 In sin и cot u- u’ 
i5 Sov seb tcn 36 In сози — tan αμ’ 
bots Ὃ να qat 37 In sinh u tanh u u’ 
16 ме 38 In cosh u coth u- u 


*From H. 


Etherington, “Nuclear Engineering Handbook,” 
Book Company, New York, 1958. 
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Power-series expansions* 


D =1+:а+ 4+ :: ` (|z| < 1; GEOMETRIC SERIES 


(1+ 2)? = 1+ ὦ) z+ (5) ze (|2| < 1; BINOMIAL SERIES 


2 3 E 
ие 1+: (иг) 
3 5 2 4 
el 38 ЖА сова 1 FH ** 
(2 # œ) 
3 5 4 
sinhe =z +5 wt сова ааа тт 
(2 # =) 
2? 
log: (1) =2-3 +577 (<1 
3 


aresin 2 = 2 +5. 
1 (lel < 1) 
sinh!z2z—2.* 
2 3 
κ ego Ыл 1; ... 


«1T 
tanh- г = 1 ides ЕВИ оо (lal ) 


lI 
tol 
= 
© 
оз 
q 
= 
| 
N 
+ 
| 


* From С. А. Когп and Т. М. Когп, “Mathematical Handbook for Scientists 
and Engineers," MeGraw-Hill Book Company, New York, 1961. 
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Integrals 
Tables of indefinite and definite integrals* 


Fundamental Theorems on Integrals. Short Table of Inte- 
grals. (и and v denote functions of 7; а, b, and C denote constants. ) 


1. ri ἀγα) = fc) + С. 
2. af аме = у. 
3. Јо | dz = С. 
afte) ds = a J дә) ax, 
ü Γι fone] ans 
z Jee dz = ш | оф, 


4 
в. ff. Λψάς = tow. 


dx 
в. fw da = ZU r +G, n#-1. 
10. J = log, u + G, u > 0; or, log, |u| + C, u = 0. 
11. Jennege 
12 fou +0 b» 0, b= 1. 
d log, b d b 
13. ΕΊΣ = — cos u + С. 
14. f às = sin u + C. 
* From В. S. Burington, “Handbook of Mathematical Tables and Formulas,” 


3d ed., McGraw-Hill Book Company, New York, 1948. 
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Integrals 


Tables of indefinite and definite integrals (continued) 


15. [тап и du = 10g, sec и + O = — log, cos u + C. 
16. J cin udu = log. sin u + C = — log, ese u C. 
17. Jf eu aa = log (sec u + tan u) + C = tog. tan (2 + B) с. 
18. Uff ese а du tog ese u — etn u) + C = log, tan 5 + C. 
τ. EN 
19. sin’ udu = 5и — 3 sin u cos u + C. 
1 í EA 
20. J esas = Ти + Nan nena +6 
2. f иаа = tan u + C. 
22. Гаги = - emus G. 
23. f tant udu = tonu— utc. 
24. f cto udu = сти ute. 


е du 1 
95; fa = 2 tan a + С. 


26. s = " log, (53 +С= 1 ctn (ὢ + С, ifu > а, 
= s log, (Sa) +C = - Та ($) +G, иш < æ. ' 


= das (E πι 
ahs) Fae δρ (Ὁ + Са> 0; or, sin (5) τα [αἱ = 0. | 


а == 
28. Izer = log, (а + мш + а? ) + С: 


* Зее footnote оп page 15. 
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шта 


Ln 


lal 


кај 
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Integrals 


Tables of indefinite and definite integrals (continued) 


du уа – иш 
29. [gar 5 уче 


да E Й 1,49 
з. f; = z 00 (Z) + С сет + C. 


и? — а? 


du а + уа + и? 


— du = as Ë jo 3 
9b uva zw а log, ( u ) τα 


α 


32. f ма = w -du = 1 (uve — ui + а? sin 2) + С. 
33. Гуте Еч = а? log. (u +уш=@)]` + С. 
34. ΜΕ; и du = cosh и + С. 
35. f и du = sinh u + C. 
36. n и du = log, (cosh и) + C. 
31. f o» и du = log, (sinh и) + C. 
38. fs» и du = sin (tanh и) + C. 
39. "n u du = log, (tanh 5) + С. 
40. πο — sech и + С. 
41. J sch u tnh u + du = — csch u + C. 
* rl ETTET) = sinh“! (3); ind Se = sech-! (2): 


месе) a (0. (aver) _ a fu 
jy ст. = cosh ' (E): log. — | = csch ' (8). 


u 
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Integrals 


Tables of indefinite and definite integrals (continued) 


In the following table, the constant of integration, С, is omitted but 
should be added to the result of every integration. The letter z repre- 
sents any variable; и represents any function of т; the remaining letters 
represent arbitrary constants, unless otherwise indicated; all angles are 
in radians. Unless otherwise mentioned log. u = log u. 


Expressions Containing (ax + b). E - 
n = 1 п- 
а Јав de = apy (z + 0", n = — 1 pl 


dx 1 

43. РЕЧИ = @ log, (az + b). 
йт 1 

ἘΝ (ar + δ) - alax + b) 
dx il 

es (ат + b) — 2а(а + bi 


46. ph σίας + b)" dz = ЕЗУ (az + Буне 


b | 
"iq ete oe 


zdr b 
iu SO E 


хіт b 1 
48. Лы = аат Б) + elog (az + b). 
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к= 


c 


ex 
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Integrals 
Tables of indefinite and definite integrals (continued) 

за f b м, d 

(az + b) ^ даат + b? - αἴας + b) 

T (ах + 6)" 

2 n 

mmmn ES 
gp (az + 0)" „(ах + Б)" 
п+ 2 ἜΣ НЕТ jP hm bh s 8, 


24. 1[1 
51. p = ЕС + 6)? — 2b(az + b) + b° log(az + 5] 


— 


i 1 
52. aoe = КО +5 — 2blog(ax + b) — ==] 
b а ах b: 
53. Le np +b + = 2 ΕΠΕ ЕР 


54. ΜΕ + b)” dx 


| 


απο аа] 


» ЭТ ety + πὸ Ji а" (аа-а |, 
m>0,m+n+1+0. 


1 z 
55. лы Ë qz + b 
56. Ге b = i T Р log = 
58. IE by CTS b _ » log st °. 
59. Г b)? E: di Pan + log ax = ;] 


dz b + 2ах T QU +b 
60. zar + b} (ат + b) z 
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Integrals 


Tables of indefinite and definite integrals (continued) 


61. [tere b dz = - аз + B. 


62. Jamee b dz = ие = 58) ис. 5. 


15a? 


στο = BOSE — abe ви) Да FTF, 
оа 


64. J пуат + b dz 


_ 2(35a?r3 — 30a?ba? + 24ab?z — 165) V (az + b): 
315a* ` 


65. feos + bdr = uu 2 f ew = руди, и = Vaz + b. 


56; I or ite d 


aot b 
67 dr _ 2Vaz +b 
`Z az+b ` a ` 


68 хат _ _ _2(ах — 2b) UC 
-s ат 


г Мах + b За? 
— adr (даа — Даре 803) ЕЕ, 
69. Мах + b 15a? 
тат _ 2(5a%x* — ба?а? + Saber — 1603) ΠΕΠ 
ко I Z= kë 35a* 


тах 2 — 
71. JZ Ге Га b)"du, и = Var + b. 


— lige Vaz + b — vb 
Ta JZ vb PELLE VE for b > 0. 


dx = [et _  Jaz+b 
Janv ya ae + b<0; 77 tanh \/ р b>0. 


73. 


Бы 
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^ Integrals 
LE Tables of indefinite and definite integrals (continued) 
74 1 ат Маг + b а f. dz . 
б x? Vax + b br 2bJ амат + b 

Р Ка Í. dx Мах tb , 3aVar + b " 3a? dx | 

dn 23 мах + b 2bz? mm 86° J ту ах + b 

16 ў, dr 1 (u — а)”+"—4ц _ ar + b 

|} 6S Bato — dee "Am айса 

1 2+а 
1 _ 2(az — DEN 

qt. Дь + b)* ΠΕ] En 
1 їп дп 

= +5 2 Гао? _ b(az+ b) ° 

га. f «ία +8) “бе ш o>) ^ а -] 

ат 1 dr a dr 
5. {----- “је μη 
α(αα + b) т(ат + b) ° (az + b) ° 

7 απ. _ За" ах + b 2mb Е Ж 

80. var-4-b (2m + 1)α 2m + aJ мат + b 
] f dz _ —vVar-cb _ (2п — З)а f йт : 
A 81. maar b (п = О  (2n— 3) J а" мат + b 


п-? 


85. [үт фо "TT b) š pw Ti um 


dx 1 „ СЕ -- а 
a Г р u- a “ere Иде 


Мәш 


Je dr 
84. (az + В) (сх + d) 
1 є „(е ") | 
Аа као (z+ ‚бе — ad 40. 


ү! n+1 m 
85. MED dr = — e +b) (сека 


μη 


5 


—m(bc — ad) f (ax + b)"(er + d)" ae | 


- - нь 
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Integrals 


Tables of indefinite and definite integrals (continued) 


dz Е. ыў 1 
89, J (az + b)" (ez d)" ^ (m—1) (bc—ad) [ (Берат 


dz 
+ ат + п — ас лани т> 1, п>0, bc — αἆγέθ. 


I 1 (ax byt ο ` | 
(m—1)(be—ad) (еко + (т—п—2)а (cz4-d)"i | 


= каз, (az + Б)" (ax + в)" 
(m — n — l)e L (ez + ara * n (bc — ad) "тат de |, 


тат 1 b 
ДТ чаг X-— Е log (az + ὃ) 


— < log (сх + ә | bc — ad ғ 0. 


89. тат ___ 2 [ - b 
(ας + b)(ez + d) ~ bc — ad а(ах 4- b) 


_ а ст + а 
Р 


2 — 
90. J =s, dz = ΕΤ (Зад — 2be + acz) Vaz + b. 
91. J == 2Var + b 


сх + а = 


c 
_ 2 Jad — be ENOCE) 
2 ^ tan-! ad — je ° > 0, ad > bc. 


Мат + b , — 2vVaz4b 
92. ERI dr = 2 


" 1 be — айу, Velar + b) — Ук — ad 


€ € 8 Velar + D + vbe — ad ὁ > > ad. 
de dz а 9 r NCE j 
Sf clt я a N q b i 
с > 0, ad > be. | = 
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Integrals 


Tables of indefinite and definite integrals (continued) 


dz 
92. S (сх + d) уат + b 


= 1 l5 Velar + b) — УК — ad 
V/cv/bc — ad 8 Velar + b) + Ув = ad ° > 0, be > ad. 


Expressions Containing ax? + ο, ax" + ο, x? + p°, and p — x. 


du — — 1.49 m £ 
95. PG =a eS or = реше (2). 
dx 2 b p+ 1 aft 
96. yoo =z FIT or je (©). 
dz 1 а 
97. he = Vag tan ma a and c > 0. 
- ἂν — AN туа Ус 
1 — xm ы T mr E ova у.а > hesi 


ри 1 Vc + туа 
= рт Pw pam a a<0,c>0. 


99 J dz = 1 : g 
` (az? + е)“ 2(n — 1)с (ax? + cy 


2n — 3 f. daz 
* 2(n — l)c (ax + cy? п>1. 


1 (az? + cy Р We, 
Library 


ΦΝ 
е 


100. IF + 0" de = gy TII mA s= 3, 
ar *. 
x —— al 


£ 1 " 
101. pem ας = 9a log (ax? + c). 
> 
102 rla Бс) 2 °а-+с λες а 


РА απ sd di rj dz 
103. PIC с) & Ξ т g.C.E.R.T., че ай 


z* dz 2 € dx Dato... rue certe гааг 
ni Se Fe а al apo Acc. -— ОЭ... 
2 \\ 

217, 
My © 21 


Integrals 


Tables of indefinite and definite integrals (continued) 


z"dr gl c { xd 
us. f «= a(n — 1) a, wpe "1 


тах 1 x 
108; Г +c) 2(n— Ya (а? + cji 


1 dx 
+ 2(n — Па Дә + с)" у 
107 / ат _ if йт _ a ат 
` α (απ + с)" ο) аа + в’ cJ (αὖ су" 


108. fve Ap? de = Jeva + р? = р? log (z + Va? =P) | 


109. f v9 — 12 dr = 5 тур? — т? + p? sini (=) ] 


110. IE. = log (z + να + p). 


d. š 
111. Jz = sin (=) ог -- sos (2). 
112. Ја + с dr = 5 Var + e Eg 


+ gu; log (a+ Ма? + 9E > 0, 


113. J wa +edr= $ Var +c + Wr (8). a<0. 
114 = —— ας р 0 
“J Уве Уд 08 eva + Var + ο), a > 0. 


dx "e zl "ES 
115. VR WR sin“ | x „Ја < 0. 


116. zvar + c dz = (ax? + o 
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Integrals 


Tables of indefinite and definite integrals (continued) 


ШТ. [ava + с dr = 


118. Гамат ο dr = AC + ο) -- ac Var +c 


ns, J ЗИ сти 


Маз? + c 
120. ve = 2 IVar + c — i Май + ο dz. 


121. jiä dr = Мас + νο log Kms oum e 0. 


de 1 (et Ур ==) 
123. "m += ров т : 


124. J = Е cos (P), or — E sin-(P). 


8 ЕТЕ Майе — Ve 
125. ae =F ë Ve g т 


эйе В) 
в. f- guy αρ £ oy < 0. 


23 


Integrals 


Tables of indefinite and definite integrals (continued) 


iz f dz _ мат фс 
s ама? + c cx 
хо гуа? + с (п је f га 
128. ма? +c ` na na Va р ТР 
waz? + + ο) 
129. PET + c dz = “hein 
-¢ = 3 [ove + c dz, n > 0. 
ма? ο, _ (аз? + c) 
130. f = απ = — i = Πο 
EON RC EI nei 
(n — lc 


131 f dz 2. ма? | с 
“SJ туа? фс ` 


c(n — 1) 
(п — 2)а 


dz 
7 (п = i f Pee om 


132. fo» + е)! dz = 8 Car + 5c) ма? + c 


+ = log (zVa + vam + с), а > 0. 


133. J (az? + c)! de = 8 ar + 5o) Va F ο 


2 = 
+ iv E 8), < 0. 


dz _ x . 
134. 2 + ой Уа? e 
135. Jf se T DL dz = = (az? + D 


136. Еј га + c)? dz 


2 (ax? + с)? + e f ovas + c dz. 


3 и: enar + o, & f Vas? d. 
тзт. f =a + о) а= чак T ee а" + са. 


ШО: ει ош НИИ 
138. J + of avar + c 


Integrals 


Tables of indefinite and definite integrals (continued) 


f тах ей з. 
139. (аг? + p. avar + c 


+ — log (ενα + Маа + o, a > 0. 


140 га. x 
f 4 ама? + c 


+ E EAE a « 0. 


зах gt 2 ——— 
Еј imme c Га az + с. 


dz -. αὶ z" 
m cm -— ρα doo 


143 / dz - if. dz ER Jj z"dz 
tJ Gmm +o" ου (G+) ον (G+ 


dx ай Мат + c ме 
м. f; am Fo пус να + e + ve > © 


аг - a [E 
us. = ug Ng ο 


146. / ааа“ + с)?йх 


t2 


zx Ro + c)? + προ | аат + да]. 
= р e ertet meme f corna] 
= ERE [аг + + (m — nye f ο 


= E + ¢)?H—(m + np + n)a if ariaz" + opas | 


л. Гу = сат с f аа 
147. (az" + c)? a (ат” + c) a (az? + c)? 
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Integrals 


Tables of indefinite and definite integrals (continued) 


148 f dr = αι f dz _@ f dr А 
С z"(az" +e) cJ зат + са ο απ (аз + c)? 


Expressions Containing (ax? + bx + с). 


2ax-d-b— мас 


dz I 
T Jj= m >= 


d ре =: 02 ac 


" dr 2 дат + b 
150. 1% Fipe Мас ο "ne b: каде 
Ç dr 2 
151. Jad ме“ Ë = е 
2ах + b 


dz 
132; te + шо = 


тат 
153. ў. tte = 


adr ЕЗ 
ы la av+bre+e a 


i log (az*4-bz4-c) — 


` c 


п(4ас — b?)(az? + bx + c)" 


4, (θη -- Va d dz | 
n(dac — b?) (aa? + bx + с)" 

a = 

ал? + bz + c 


= => log(az? + bz + c) 


„ави. dr : 
2а? а? + bz + ο 


ade 


тах 
m за = 


(п = 0а а 


а? + bz + c 
P lds 
а? + br Fe 


— (де + bz) 


тат 
156. pem bec gp 


Sd» 


n(4ac — b*)(ax® + bz + с)" 


b(2n — 1) dz . 
n(4 ac — b?) (ax? + bx + с)" 


gr 


"TE RN 
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a(2n — m + 1)(ax? + bz + с)" 


gd 


(n— m+ naf 
(2n — m + 1) aJ (aa? + bz + cy 


(m — 1) aj. z"—dx . 
(2n — m +1) aJ (ax? + bx + c) 


Integrals 


Tables of indefinite and definite integrals (continued) 


в f relai) -t Jes 
A EI ШЕТ: az? 4- bx 4- c 2c J (a4 br} e) 
b gee (== + be + °) 1 
189 pe + bz + c) 2e log g cx 
$ Р а O: 
(55 =) Toric) 
160 ]. ds 1 
| т"(аа? + bz + с)" (т — mile: + br +c)” 


_ п + т— Ду, b ae 
q"— (aa? i 7 + он 


вве f ат } 
т- 1 ο wv" (ar? + br + с)" 


161 f ат _ 1 
` J rla + br + οη΄. p: = (а + bz + c) 
i 


(ax? + < + о)" uir Te + A + c) 


162. porter = =. log(2ar+b+2 Vu Vaz2+-bz+c), a > 0. 


Jar» — b 


ах _ 1 — : 
шз. f mo Z= sn Vb? — Дас es 0. 


" f таг m Var + br + c » 5 dr Е 
164. ма? + bate ` а 2а/ ма? + br te 


dud gei 3 LIAC 
165. SJ =a ма? + bz + c 


Wn — 1) [__ rde (n — 1) f: eqe 
2ап мал? + br + c an Ма + br + c 
— 2, m. V um "з... 
166. f ve + bz + са = Pan vag + bz + c 
a 868 = =E fa ki А 
Vax? + y Tc 


2 š —— 
167. J: z am-+bz+c dz = err - 5 f ма brte аг. 
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Imtegrals 


Tables of indefinite and definite integrals (continued) 


- ЕН 
168. J гг + bz рефе = (2 E tte 
4 GU — ча) Маз? + br + c dz. 


16а? 
NET (“етеме b ) 
169. pem E. сле log = tay) e>0. 
dx " bz + де 
m. J === - VE στη — c < 0. 
dx —— 
m. f- TIE E ат? + bz, с = 0. 
из. f. απ — _ Ма? + bz + ο 
ауа? + be + c ` c(n — Па 
+6 “ај... ___ ra а(2 — n) dx I 
2c(n — П/У Var + be Fe ' сы — 1J αἳ- Σνααξ + be +e 
а: 
ην. ЕЙ бы 
(ат? + bz + с) (5 — iu az? + bz + c 


απ 
174. / i г == ae 
(ax? + br +c)? БУЫ + b/2a)° 


Miscellaneous Algebraic Expressions. 


175. Jam zc p) ν΄2ρα--αξ + p? οἷη-[(α--ρ)/ρ] 1 


{ρα 
176. J = соз ( ΓῚ ). 

dr 3 |-- --είαα + b) 
177. pium Ξ αρ ^ αίσα + d) 


2 _ [сах + b). 
% ^ Vac үе + d) 


178. r + b-/ez + d dz = 
(2acz + bc + ad) Vaz + b- Vez + d 


4ac 
_ (ad — by» еж . . 
Вас Мах + δ: ντα + d 
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Integrals 


Tables of indefinite and definite integrals (continued) 


179. I +С Мат + b-vezr + d 


a 


у (ad = be) dus dz 
2a Var + b-v/cz + d 


180. f. ZE’ as = να--α r+ b 
+ (b — d)loglvz Fd + Ух b]. 


m. f Es dr = sin z — V1— r 


182. Гра Vp — z- Vq + z + (p + q) sin™ 1 


i 


ἘΞ +e [uo — T 
183. ЛУ рх ;d = --Ύρ-σ.νη--α — 1 ç 
т р 4 (p + 9 sin Ур 


+9 
184 ri u— 2. =. 2:sn-4/4 — P. 
"Jo Vz—p Vq = д-р 


Expressions Containing sin ах. 


185. J sin u du = — cos и, where и is any function of z. 


186. Ја ах dz = — 1 cos απ. 


Јав а _ z віп 242. 
187. віп? ax dz = 5 — —4 


1 - 
188. Јав απ dz = — = cos ат + gg COs ат. 


"n de = 3®— 3sin2ar віп? ат созат, 
189. sin! az dx 8 Τδα as 


НТ -- 
0 / sin” az dr = = = = ЗЕ H H 1 / sin"-? ах dz, 
190. (n pos. integer). 


Integrals 


Tables of indefinite and definite integrals (continued) 


απ 1 
191. κ E Llog tan £ = == log (csc az — ctn az). 
192. J =. бе = ζω ах dr = — i ctn az. 
sin? az a 
dz 1 cos az n—2 dx 
199, sin^az — — a(n — 1) sin αρ τ n—14 sin" az’ 
ninteger> 1. 
dr 1 T — az 
1% Τα πας τα σα («= 2) 
е de = 9 а= «2 "n 
195. pe sinaz avi? е tan pp 4 "ο, 
ат —1 c+b sin az4- Vc?—b? cos GZ asb 
196. Jus ат аме pE b + c sin az e 


А Е _ Sin (а — b)z sin (а + b)z " ὧν 
z J cic ва ба 2 (a — i) тина 


198. {ντ + sin z dz = £2(sin $ — cos 5); use + sign 
when (ВА — 15 «zr < (8k + зу» otherwise —, k an integer. 


199, fa — sin z dz = £2(sin Z + cos 5): use + sign 
when (8k — 35 <= 5 (8k + 15 otherwise —, k ап integer. 


Expressions Involving cos ax. 


200. f и du = sin и, where u is any function of z. 


201. fos ах dz = 1 sin ат. 


А sin 2 ат 
202 cos? az dr = Š + j 
1 i ΜΕ 
203. cos? az dx = - q sin ах — За sin? az. 
А š 
904. f adi a η. 3 sin дат ц cost ат sin az | 
= 16а 4а 
л—1 ч = 1 
205. f соз” ат dr = 999 TE ES d L = f cos"? az da. 


30 
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Integrals 
Tables of indefinite and definite integrals (continued) 
dz 1 ar т 1 
206: = ar a log E * D = 2 log (tan az + sec az). 
н d. L 
207. --- = — tan az. 
соат а 
208 de _ 1 sin az п—2 απ 
ΠῚ соат а(п — 1) соат п— 1 cos" ах” 
п integer > 1. 
dx 1, ах J da 1 ат 
209. τ-------- tan- 210. : = bm c. 
На Ji + созах a 1 - cos ax a еш 5 


21]. fa + cos z dz = + V2 fata = +25 sin Z. 


Use + when (1k — 0т € z € (1k + Пл, otherwise —, k an integer. 
212. f^ — созт dr = as f an όν = F2V2 cos Z. 
Use top signs when 4Ёт < т X (4k + 2)z, otherwise bottom signs. 
dr _ ο - ὦ sins] Ends 
213. rA + ccosar ` „= — gam c + bcosar /` Ue. 


dz EN al να = δὲ Ve — b-sin шше | ар р 
216 ДАҢ + ссозах  avc-—b тан“! eb cos ar : 


a sin (a — b)r , sin (a + br , 
215. f» ax-cos bz ат ποτε Ἐς Чи. 


Expressions Containing sin ах and соз ах. 


216. fs ax cos bz dz — -aee =DE л. + аа, az 
217. Ja ах cos ах dx = ase ar, n σε — 1. 
218. f az sin az dr = -TD соз"! ат, n = — 1. 
sin ат Dos. 
219. fes ай ах = š log cos az. 
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Tables of indefinite and definite integrals (continued). 


220. Je oF de= ps sin az. 
sin az a 


221. Sore sin az)" cos az dz = (b+c sin απ)”, пу —1. 


Со. 
ac(n+1) 


222. ГТ cos ат)" sin az dz = — (b+c cos ах)", n= — 1. 


1 
ac(n+1) 


223. fmm = 5 log (b + c sin ад). 


+ c sin ах 


sin ат 1 
224. {== απ = — a; Јов (b + с cos az). 


T dz 1 с 
9 PRIN ы у A£)]. 
225. Js sin ат + ссоѕаг аут фс Гог ап kac Tan pl 


ат — 1 i 
5 εἰ 
us f rrr rau p impie t, 


U =| Cte + ble cos az + d sin ал) |... 1 jop: ў 
М + d (b + c cos az + d sin ar)?” © avepdi 6 


y = ες cos az-t-d sin az) 4- Ve БФ — 2 (c sinaz— dcosaz) |. 
ve + Ф (b + c cos az + d sin ax) 


+ Ф, – т < az < x. 


= απ | 
i in ' 7 in az — 
b — (с ~ ο) cos az + (e — d) sin az |, d e d 
= 2 b + (c — d) cos az + (c + d) sin az eger 
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W Integrals 
I. Tables of indefinite and definite integrals (continued) 
sin? az dz EN 
228. Jaee Eam - үз E tan~ 


sin ах cos ах dz 1 . 
229. J; xus сыйа” mme log (b cos? az + c sin? az). 


— ES 
c 


39 230 7 dz sbi b cos az + c sin az. 
1 Е b° cos? ах — с? ѕіп ат 2abc b cos ат — с sin az 
s 


4 dz 1 _ (с tan ах 
κί 291. Ts соз? ат + sim ат афс tan ( b ) 


| 
3» : 
232. J z sindaz 


sin? az cos? az dz = 5 — 
8 32a 


I η 255. pe = 1 = log tan az. 


sin ах cos az a 


dx 1 
1 ] gus fa ат соат а (tan az — ctn az). 
‘ sitar , 1 = ar т 
|| | 235. Jez dz = d sin az 4- log tan (® + A 


cos? ах) 1 ат 
236. [= - ж = es ат + log tan ©]. 


sin az 


: sin"-! az cos"*! ат 
m n = εις ει no c MEE 
— fi az cos" az dz ат + n) 
E —41 š 
{ ] + TA sin"-? az cos" az dz, m, п>0. 


/ Rm n az dz = ЭП az cost az 
Ἴ 238. sin" az cos" ат = --α[α-ετ +m 
n—1 б 
1 BEER Jama cos"-? az dz, т, n> 0. 
| j= az. . snar  — az 
и 239. | cos az ^ ^ a(n — l)cos"-t az 
lI. .m-nti ffe ο 


n—1 cos" ат 
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Integrals 


Tables of indefinite and definite integrals (continued) 


1 
240. 15: 22 de 
sin” az 


— cos"! ах 
a(m — 1) sin" az 

menna f а 
+ m-i Sin" az ах, т, п, > 0, m ғ 1. 

241. rj — š — — 1 

sin” ат cos" ax a(n — 1) sin"-! az cos"! ax 
Qm Ἔ π-- 2 J 4х : 
(n — 1) sin" az cos"? ax 
dz 1 1 


242. f. > = 
sin” ат cos" ax 


αίπι — 1) зш" ах cos"-! ах 
m + n — 2 ty dx | 
(πι — 1) sin"-? ах cos" az 


+ 


in? 
243. J эп ат de 
cos ат 


244. fees ат 
sin ат 


in? 
245. f mm РА 
соз ат 


-- 2 
= ri U = eee ae ах. (Expand, divide, 
cos ат 
and use 205). 
а = | [τ si (1 — sin2 ат)" 
sin ат 


(1 — cos? ах)" 


(Expand, divide, 
and use 190). 


sin az dz. (Expand, divide, 


сз and use 218). 


ол 
246. f соз απο 
ып ат 


Expressions Containing кап ах ог etn ах (їап ат 


247. r и du 


248. r ат ах 
249. f us ах dz 
250. f ах dz 


-/α — sin? az)" 
sin az 


cos ax dz. (Expand, divide, 
and use 217). 


l/ctn ax) 


— log cos u, or log sec u, where u is any 


function of z. 


— ly 
a 198 cos az. 
$ 

= д tan az — z. 


1 
2a tan? az- + Š log cos az. 


Integrals 


Tables of indefinite and definite integrals (continued) 


251. f tan" ах dz = LL. tan ox — / tan’ az dz, 
a(n — 1) 


п integer> 1. 


252. fon u du = log sin u, or — log csc u, where u is any 
function of z. 
d: 1 
253. аас de = = = — - ctn az — z. 
tan* ат а 
254. f ow ах dr = — ES ctn? az — i log sin az. 
f 2a а. 
απ 1 
= n = === па 
255. f o az dz nar Se ctn"! az 


= Го ат dz, п integer > 1. 
56 f dx = | ctn az dr 
256. b+ctanar J ὐοίπαα - с 
= Plc [ be + 2 log (b cos az + с sin az) |. 
g / da «f. tan az dr 
251. b+ cctnaz J Ват ах + с 


[ be - S log (c cos az + b sin az) |. 


= Εθν 
€ b: + c 


: da του А 27 : 
258. J> аа ( b sin az), b ρος. >e. 


Expressions Containing sec ax = 1/905 ах or csc ах = 1/зїп ax. 


959. f и du = log (sec и + tan и) = log tan (5 + т). 


where и is any function of z. 


1 ат т 
260. у az dz = = Ίος tan ($ + т). 
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Integrals 


Tables of indefinite and definite integrals (continued) 


261. f» ах dz = I tan az. 
262. [s атах = ња ах sec az + log tan (242) 


263. Tas авй = Ll... εἶπας 


a(n — 1) cos"! az 


+ 5 = 2 J^ sec" ат dr, ninteger:> 1. 
264. fæ u du = log(csc u — ctn u) = log tan К. 


2 
where и is апу function of z. 


= 1 ат 
265. Ја ах ах = а log tan EN 


266. Jes ах dr = — тека az. 


267. p ах dr = ar. ctn az csc az + log tan = | 
1 cos ах 
268. : =- l| osar 
esc” az dz ап — I) sin oz 


μη ΤΙ esc" ах dz, n integer > 1. 
= 


+ 


Expressions Containing tan ах and вес ах ог etn ах and ese ах. 
269. ΓΝ и sec и du = sec и, where и is any function of z. 
270 1 
β tan az sec ах dz = = sec ах. 
а 


271. fav ат sec? ах dr = tan"*! az, п > — 1. 


1 
a(n 4- 1) 
212. p az sec? az dr = A sect ат, n = 0. 


978, ГА сіп и csc и du = —csc и, where и is any function of =. 
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w. 
εἴ 
εἴ 
P 
Т 
εξ 


Integrals 


Tables of indefinite and definite integrals (continued) 


.274. Ја ах csc ах dz = — 1 сзс ат. 
215. SJ aw ат cs ах dr = — ==. cto" az, п —1 
a(n + 1) * ? 
276. Ја ат csc" ат dr = — 2. csc az, n = 0. 
2 
211. Γεν — log ctn az. 
ctn ат a 


Expressions Containing Algebraic and Trigonometric 
Functions. 


278. {а sin az dz = к sin ат — £ T cos az. 
a a 
2 
279. Je sin az de = = sin az + = cos ат — = cos az. 
a а а 
280. Дә sin az dz = 37 sin ах — £ sinas — Z созат + © cosaz 
2 ка 
281. Jf кг ав de " = _ sin дат _ cos дат. 
2 
282. Ја sin? az dr = t E -— 2.) Зат — а 
983. Ја sin? az dz = = 
Sat 3 
— M8 ^ Téa «05 2ах, 


f. ina ал до = 3 005 Зат _ эт Зах За cos az ds 3 sin ах 
аш чыман кет Зба? da 4d ᾿ 


284. 


285. f = sin ax as = — 1 a" cos az + [emn 
. 3 5 
J sin az 4 _ " (ax) + (ar) κ 


286. s 7 3st Pal 
зт ах @ _ —1 sin ат а Je ат йт 
287. т" (т = 1) απ 23 (т — 1) Fu c 
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Integrals 


Tables of indefinite and definite integrals (continued) 


38 


s ана = — cos az + Ü z sin az, 


" 2m 2 x e „ 
289. 22 cos ат ах ш «05 az g Sin az + sin az. 
a 


2.2 — 2. — ) < 
290. de TER (3a? „9 соз ах 4G 2° x sin az. 


3 sin 2ar , cos дат 
291. Еј А _ 2 T sin . 
91 z cos? az dr 1 T Ян + Bai 


292. f? cos? az dr = = „(ќ = кү δις 9598 4 


da Ва? da 
293 ailes a 32 ps 
; cos? ах dz gas ) sin 2ат 


За? 3 ) 2ах. 


Ш 
°| 
+ 
~ 
ΕἾΝ 
1 


si i 3 cos ax 
294. J: зат ав = 2 Sin Зат cos дат , 3z sin az 9:008 ай, 
т cos? az dz Da + 3б da dd 


295. fe cos az dz — ls sin az — Ë ΜΕ; sin az dz, п pos. 
а 


296. fe ar dr _ ΜΉΝ (ax)? , (az) 


ЕН 


Da ш S 
297. Í ВВ Lacs 1. „еа а „| A 
T (m — 1) a" (m — 1) ον 


Expressions Containing Exponential апа Logarithmic 
Functions. 


298. ў. e" du = e“, where и is any function of z. 

299. f» hace where и i function of 
Jor P u is any function of 2. 
1 p 

300. fe dr = = eu, f az = ας 
a* кеш a log b 


pupu e Сою T ab? ШЕ 
301. fa dz = ро (ат Ја dz = ΠΕ — Blog b 


| Integrals 
Tables of indefinite and definite integrals (continued) 


| 
І. 
| 
|] 


1 
1 
1 
1 
ГИ — —" 
] 
E 
] 
] 
] 


e 
302. we de = A (а?а? — 2ας + 2). 


303. fre malp B Jee: dz, n pos. 
a a 


304. f rede = Z enr = naz)" + n(n — Yy(azy-? 
жя =F. (= ум], n роз. integ. 


305. f mne de = — e [on + nas)" + n(n — (аз 


UN СЕ αρ 
306. f^ ах sles КЕБ й 1р2 dz, n pos. 


307. 1. ae 
z 


e 1 e= e= А 
308. ја dr = чар + ја. | ninteg. > 1. 


E — 
b+ce* ab 


log z + az + en + cep ees 


309. ах — log (b + ce” 


e dz 1 " 
us. Ја, = 2 106 (b + се Jk 


arela) 
311. Ja “ш Хап {е c^ b and c pos. 
312. fe sin bz dz = ΕΦ (a sin br — b cos bz). 
es [(b — с) sin (b — c)z + a cos (b — c)z] 


| 313. fe sin bz sin cz dz = Qa? + (b — с) 
] _ €"[(b + c) sin (b + c)z + a cos (b + c)z] 


2|a* + (b + cy] 
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Integrals 


Tables of indefinite and definite integrals (continued) 


814. fe cos bz dz = ay (a cos bz + b sin bz). 


_ | 1: (6 — с) sin (b — c)z + a cos (b — c)z 
315. fe сов PA SO = x F = sm l 


+ е + c) sin (b + c)z + a cos (b + ο)α]. 
2[a + (b + cy] 


316. fe sin bz cos сх dz = e n Ὁ ET ὦ = оов ода 


4 la sin (b + c)z — (b + c) cos (b + οσ]. 
Σα F (b + ο 


317. fe sin bz sin (bz + ο) dz = 
е“ cosc _ efa cos (265 + с) + 2b sin (2bx + c)], 
За Xa? + 419) 


318. fe cos bz cos (bz + c) dz = 


е cos c "n [a cos (2bz + c) + 2b sin (20x + c)], 
2a 2(a? + 4b?) 


319. fe sin bz cos (bx + c) dr = 


. е sinc + e [а sin (262 + c) — 2b cos (26х + с)]. 
2a 2(а? + 403) 


320. fe cos bz sin (bz + c) dz = 


e7 sinc + €" [a sin (265 + c) — 2b cos (2bz + ©)]. 
2a 2(a? + 4b?) 


321. Де sin bz dz = = (a sin bz — b cos bz) 
= Ler (а? — b?) sin bx — 2 ab cos bz]. 
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εἲ 
> 
ε 


εἲ 
с 
a 
к: 


3 | Integrals 


if Tables of indefinite and definite integrals (continued) 


| 


те? 


322. J cos bz dz = TFE (а cos bz + b sin bz) 


= =+ (а? — 6?) cos bz + 2 ab sin bz]. 


323 J ыы 


а? + п? 
= 1 b: 
+ La е“ сов"? br dr. 
—-— e sin"! bz (a sin bx — nb cos bx 
324. fe = sin" bz dx = — s 
= 2 
+ SELL е sin"-? ba dz. 
325. fw ar dr = x log ат - z. 
326. fs log az dx = 2 jog ар Ὁ 
2 4 
327. f? log az dz = log ах — T 


328. Гао az)? dz = z(log az)? — 2z log ах + Эт. 


329. f (log az)" de = z (log az)" — n f (log az)"—1 dz, n pos. 


log ax 1 
330. J æ log az de = am Е πίκρα 1. 


+ 


fea m d: E. (lo, pum. f. 1 m—1 
331. z" (log az) στι g ат SRI z" (log az)"—! dz. 


(log az)" _ (log az)" _ 
s2 f Ж dz = а ee L 


333. f -ᾱᾱ log (log az). 


z log ат 


f dx --- 1 . 
334. z(log ах)" (n — 1) (log az)" 


4l 


Integrals 


Tables of indefinite and definite integrals (continued) 


335 тах — тн 4 +1 1" ах 
I (log az)" ` - — 1)(log ах)" m — 1./ (log az)" 


,» σέ]. 


а" ах 1 "Í e! dy 
336. lea ден y” y = (n + 1) log az. 


z" ах 1 
337. nea „Ым | log az | + (n + 1) log az 
(n + 1)? (log ах)? (n + 1)š (log az)? . 1 
+ 2:21 * μι 
1 g ат)? 
338. Б == - ya | log az | + log az + ор да)“ 
Ίος ах 
+ бе ат” pe 1 


330, f sin (log az) йт = a [sin (log az) — cos (log az) |. 


340. f cos (log az) фе = 5 [sin (log az) + cos (log az) ]. 


341. fe log bz dz = lee log bz — 1 [е ах. 
а а m 


Expressions Containing Inverse Trigonometric Functions 


342. е ат dz = x sin ат De LA — ат. 
343. J (sin™ az)? dz = z (sin az)? — 9z + Е М1 — а?а? sin“ az. 
а 
344. f z sin az dr = E: sin az — ΜΡ sin“ az + a,Vl- de. 
2 4a? 
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Integrals 


Tables of indefinite and definite integrals (continued) 


в. f 25 σα а 
345. q” sin az de = Й ат 


346. j= αν _ az + 5. L 3 (ax)? += i 5 (ax)5 


x «ον 
1-3-5 
+ ет CV 1», дра, 
in^ 1 == um 
T" ο... = itas = alog СЕЧИ | 
x т ат 


348. f cos az dx = z cos az — ivi — a. 
° = 2 S AES. 
349. | (соз ах)? dz = z(cos^ ах)? — 2x — СМ; 1 — a^? cos™ az. 


M 1 
350. J z costas de = Ë cos ат — yg cos az — = Tc 008. 


/ E d. gu —1 
351. z" cos ax dx = Aa I cos" az 


J =e Ема 1 
ЕТ УТ = ah? ü 
созі ат de т 1 1-3 
352. jes = slog|az | — az — 57373 (ах) — 24.5.5 (ќа) 

1-3-5 
— 34.6.74 OV 717 dA 
= — gp 
"VEIT ΕΣ а?а? | 


354. / tan! az dz = x tan“ az — z log (1 + a°z2). 


г = ЗН TI a fe ах 
355. fom 1 ag ах = ns j'en ах пт. τταῦ n= — 1. 
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Integrals 


Tables of indefinite and definite integrals (continued) 


їап"1атат 1 ast _ a (семеј. 
356. IE z tant ат 5 log dg 


852: Jan az dz = z ctn™ ах + i log (1 + ага). ‘| 
- _ 4 a ff 55 dz —1. d 
358. fe ctn az dz = 2 getn az + „ЕЈ ев п — 1. 
ctn^ ах dz 1 а (1 + фа) 
————— ++ — = mo, a . 
359. f E z бш az + 5108 | 
360. p ат dx = т sec az — Hog (az + Vær — 1). Г 
ανα L z" dz J 
361. J: .. = — „Сини ον 
1. f a” sec ах dz np eo art Vaart ns — —1. Е j 
Use + sign when 5 < sec az «m; — sign when 0 < sec az < L 
362. p" ах dr = z csc az + og (az + М ær — 1). [a 
Е + x" dz 
363. Je esc ат dz = е т πει wae n= — 1. В 
Use + sign when 0 < csc az “р — sign when — 5 < csc az <0. 


Integrals 


Tables of indefinite and definite integrals (continued) 
Definite Integrals 


sit, 88 = Fite >0; 0,ifa = 0; — ifa «0. 
0 


2+2 2 2 
365. / веј = Í (ов. 0/2]. ae = го. 
T(n + 1) =п-Г(п), if n 20. r@) = τα) = 1, 
T(n + 1) = nl, if nis ап integer. Г(Ф) = Мт. 
T(n) = Пип — D. z(y) = D, [log T (y)]. 


2(1) = --0.5772157--- . (See integral 418.) 
© 
366. fe dz = T(n), z> 0. 
0 


assay - EE Я gni dz _ T (туа) 
s. f: ( - x) dz = L3" = Тип) 


© 
a т 
we. Ј Tog su 0<п< 1. 


т т 

2 2 
369. n NT 

0 0 
йе Ü 
г(®+) 
1.51079, йз» = 1 
τς) 
ја 


т + . + 
7 if n is an even integer; 


2:160, if n is an odd integer. 
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Imtegrals 


Tables of indefinite and definite integrals (continued) 


m. [i „+, ifa > 0. 
0 


со 
ва IP ава 
0 


H —] < us W 


T т 
373. Га ax dz Ге απ dz = z 
0 0 


т/а т 
374. ја az-cos az dz = J sin ат-соз az dr = 0. 
0 


π + 

= 1 На = — 1, ога = 1; 
= 
2 


T T 
375. Ја ах sin bz dz - n az cos bz dz = 0, аз. 
0 0 


T 2 
316. f απ cos bz ат .. 
0 


т-у ifa — bis odd; 


0, ifa — bis even. 


377. J = ος dz = lea, ifa < b. 
- заз = 

378. f cos(z2) dz = / sin(z2) dz = L: Е. 
0 ο ὯΝ 


379. few е от r(1). ifa > 0. 
0 2а 


со 
380. 1 aee йу = Г), 
0 


qt 


! 
p 
гї 
a 
e" 
A 
el 


nl xo. TRAC 
= gu if n is a positive integer, а > 0. 


со 
mes q _ 1-ᾱ-δ---(2π-- 1) F. 
381. fe е dr = πα. е 


382. £ Va e dz = Jat 
0 


2а Уа 


т. 
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Integrals 


Tables of indefinite and definite integrals (continued) 


ë το = а 
КЕКТЕ: 
ME 
su. f p / а = уе Мт, На> 0. 
0 
а " 
зв, J e cos be m ifa » 0. 
sc. fos dre ees ЛЕ 
„у “ап Pape Ий . 


со 

аг gj 

вт. ваш = ansa, a > 0. 
0 


со 2 fa? 
388. e= cos bz йт = Mir ай ifa > 0. 
0 2a 


1 
389. [i (log х)" dz = (— 1)'nl n pos. integ. 
0 


1 
log z FEE 
390. deu dz = 6 
1 
log x mE го 
з. f. ld dx = 15 
1 
bgr ys 
392. ет = — 8 
| 
т 
393. δη dz = — $ log 2. 


1 
dz = 
396. I vm = 
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Integrals 


Tables of indefinite and definite integrals (continued) 


1 со 
397. Í wala т| dz ый ez log z dz = — y = — 0.577 2157--- 
0 0 


"v log sin z dz — i log cos z dz = — 5 loge 2 3 


399. Ph z log sin z dr = — 7 log, 2 4 
0 


J. (163)? ae - № " 
a. Г [C уч — e 
εἲ 

ка 

a 


1 
T Г(п + 1) " 1 0. 
402. f = CT 1); ат = tack e ifm + 1 > 0, n + 1> 


Μα = * | 
403. 1 texted te ete aE b ) a zb. 


т . 
дон. [980 + пасва) „о 
0 cos z 


1 
b — да 
«s, |= јуни ἀκα; 
о loge 


T + 
ке m ifa > b > 0. 


T 
5 ὥς сов 
407. / = Р 
ο G+ созт να — b° a b. 


cosardz T . аз 
στα ο На>0; = š. ifa < 0. 


cos z dr “stn x dr JE 
409. J = J, E T. 
48 
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Integrals 


Tables of indefinite and definite integrals (continued) 


-- 


со 
—ат — ρ-ὸ 
410. / £ те dx = log LA 
0 т а 
ап tan b 
τ! ах — tana bz ар Ф 
um. f. = dr = 5 log b 


" 
Айй f cos az — cos bz q. | [ος D. 
0 T a 


p] 


T 


z dz T 
413. Ј асоба + D'simz Заб 


“xj 


тч ии = ши = 


т 
1 2 dr _ та + Б) 
414. / (а? cos? z + b° sin? т)? 44° ^ 
4 т 
г (а — b cos 2) _ _ š : 
1 а / а -- ab coss + δ} ` ДЫ 
=", Кар Б; 
1 а 
т : 
|! = = Dat ifa = b. 
1 416. = £ v2 


x m" 1,1 1 st 
Ha “Pe Litem Ge xu mE ыша 
7 т? т? T 
И "— Sap e 


where у = lim ау . СЕТ сов t) =0.5772157---,0<a<o. 


И ^ cos хи ge at at 
- ] 419. pe du-—y-Flgz-— zatia 6.675 7" 


И where y = 0.5772157---, 0 < z < o 
D 1 

— gn 
; 1 "TE СА du = 2 (z + š Artt ),о<х< e. 


Л, I , 


Integrals 


Tables of indefinite and definite integrals (continued) 


m. free + Oe Ee Sa. 


К? EL 
Е 
2 1 2 
Vi — K sinz ы р. f= 
423. fi 1 — Кшт dz = 91 – (5) е 
1-3)? K* 1.3.5\2 К ар rro 
= (Es — gia <l, 
- {555 (ze) 5 ] ик 
424. f(a) = ἃ αὐ а cos ΤΕ + а οὓς E +. 
2πα 
+ bi sin TE + b sin +... — ë < % < +06 
i4" 
where a, = 7 /. f(x) cos = 
On = 1 "ns sin = dz. (Fourier Series) 
5 — az a 
us, f e™ cosh bz йт E E 0<|b| <a. 
— az е b 
us, f. e sinh bz de e ру 0=|6| са. 
ў EUN _ _2аЬ 
427. Ј хе- sin bz dr = бру “> 0. 
428. I: хе—% cos bz dz = Cp a > 0. 
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Integrals 


Tables of indefinite and definite integrals (continued) 


429. Ј we-® sin bz dz = IB a > 0. 


жы _ 2a(a? — 389 
so. f. a*e-"* cos bz dr = ΠΕΙ > 0. 


uu _ 24ab(a — Б) 
431. { ae sin bz dz = Cre y py а>б, 


со 
Y _ 6(at — ба + Б) 
432. i xe-" cos bz dz = um rz α 20 


E R EREEE 


= ien! — үч — ΠΠ 
|| 1 433. [4 дле“ sin br dx = P [ία πο ape 4: Фу]. ав 


434. f "e cos br dz = т [ία — ib)" + (a + фу а: 0. 


e+ By 


со 
435. J e~ log z de = — ү = — 0.577 2157---. (See 118.) 
0 


" 
1 CNN 
ав. f. (tm завети = 0.577 21... 


437. J Et Ы = ο) dz = y = 0.577 2157... 
0 


1 

ΜΕ т — ρ-ὶ/σ' 

"E = 610) ds = y = 0571 2151---. 
0 
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Units and conversion factors 


Units, conversion factors, and physical constants* 


Length 


| 
: ү 
1 meter = 39.3700 in. = 3.280833 ft = 1.093611 yd Е 
1 kilometer = 0.62137 mile = 0.53996 nautical mile (International) 
1 micron (u) = 10-6 meter = 10-* em = 10! angstrom units = 39.3700 X 10-6 in. 
1 angstrom unit = 1075 em = 10-10 meter = 10— micron = 3.937 X 10-9 in. 
1 inch = 1,000 mils = 2.540005 ст | 
1 foot = 30.48006 ст = 1.89394 X 10-4 mile A d 
1 yard = 0.91440183 meter 
1 fathom = 6 Ц = 1.828804 meters 
1 chain (Gunter's) = 4 rods = 66 ft = 100 links = 0.1 furlong = 20.1168 meters 5 
1 statute mile = 1,760 yd = 5,280 ft = 6.3360 x 10! іп. = 1.60935 кт = 0.868979 

nautical mile (International) 
1 light year = 5.8804 X 1017 miles = 9.4637 X 1013 km = 0.307 parsec pi 


1 nautical mile (International) = 1,852 meters = 6,076.10333 ft = 1.15078 miles 
Area 


1 sq ет = 107 sq meter = 10.764 X 107 sq ft = 0.15500 sq in. 

1 sq km = 0.3861006 sq mile = 247.1044 acres 

1 cir mil = area of circle 1 mil in diameter = 0.78540 sq mil = 10~ cir in. 
1 за in. = 6.4516258 sq cm = 1.27324 X 105 cir mils 

1 sq yd = 9 sq ft = 0.83613 sq meter 

1 sq mile = 3.0976 X 10° sq yd = 640 acres = 2.589998 X 10° sq meters 
1 acre = 43,560 sq ft = 10 sq chains = 4,046.873 sq meters 


Volume 


1 cu ет = 0.061023 cu in. = 0.03381 β oz 

1 liter = 1,000.027 си em = 33.8147 fl oz = 1.05671 qt (liq) = 0.26418 gal 
1 cu ft = 1,728 cu in. = 28.317 liters = 7.481 gal = 0.80357 bushel 

1 gal = 231 cu in. = 0.13368 cu ft = 3.78533 liters 

1 qt = 32 β oz = 946.33 ml 

1 pt (liq) = 0.5 qt = 28.875 cu in. = 1.042 lb water at 62°F 

1 fl oz = 1.042 oz (avdp) water at 62°F 


Time 
1 week = 7 days = 168 hr = 10,080 min = 604,800 sec 
1 mean solar day = 1,440 min = 86,400 sec 


1 calendar year = 365 days = 8,760 hr = 5.256 X 105 min = 3.1536 X 107 sec 
1 sidereal year = 365.256 days (mean solar) = 8,766.14 hr (mean solar) 


Velocity 


1 те{ег/зес = 2.2369 mph 
1 mph = 1.4667 ft/sec = 0.8690 knot = 1.6093 km/hr = 0.447041 meter /sec 
1 knot = 1 nautical mile (International)/hr = 1.1508 statute miles/hr = 1.6878 ft/sec 


К. 
* Ву А. H. Canada, её al. Пот William D. Cockrell, “Industrial Electronics F š 
Handbook," MeGraw-Hill Book Company, New York, 1958. k. J 
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Units and conversion factors 


Units, conversion factors and physical constants (continued) 


Angular Velocity 


1 radian/see = 0.1592 rps = 9.549 rpm = 57.296 deg/sec 
1 rpm = 0.01667 rps = 0.10472 radian/sec = 6 deg/sec 


Acceleration 
1 ft/sec? = 30.4801 cm/sec? = 0.6818 mile/hr-sec 


Angle 
1 radian = 360°/27 = 57.29578 deg = 103 angular mils 
1 deg = 60 min = 0.01745 radian 
1 min = 60 sec = 2.90888 X 10-“ radian 
1 military mil = 360/6,400 deg = 0.05625 deg 
1 sec slope = 4.848 и in./in. = 0.001 in./17.19 ft 
1 solid angle = 4 п steradians = 12.566 steradians = 1 sphere 
1 steradian = 0.079580 solid angle 


Mass 


1 gram = 2.20462 X 107? Ib (avdp) = 0.03527 oz (avdp) = 15.4324 i 

1 lb (avdp) = 16 oz (avdp) = 7,000 grains = 256 ае = 433.5924 grams 
1 ог (avdp) = 16 drams (avdp) = 437.5 grains = 28.34953 grams 

1 short ton = 2,000 lb (avdp) = 907.185 kg = 20 cwt (short) 

1 long ton = 2,240 lb (avdp) = 1,016.0470 kg = 20 ewt (long) 


Density 


1 Ib/cu ft = 5.787 X 107 Ib/cu in. = 16.018 kg/cu meter = 1.6018 x 10-? grams/ 
си cm 
1 gram/cu cm = 0.03613 Ib/cu in. = 62.43 Ib/cu ft 


Pressure 


1 atmosphere (atm) = 1.0133 bars = 14.696 lb/sq in. = 1.013246 x 10° dynes/s 
= 1,033.2 grams/sq ст (0°С) = 760 mm Hg (0°С) = 29.921 in. °С) = D 
ft water (0°C) g (0°C) in. Hg (0°C) = 33.903 
1 dyne/sq ст = 1.01971 X 10-3 grams/sq em = 1.4504 X 10-5 Ib/sq in. 
1 bar = 1.0 X 10° dynes/sq cm = 0.98692 atm i 
11 wt/sq in. = 70.307 grams/sq ст = 68,947 dynes/sq em 


Temperature 
Temperature differences: A1° centigrade (C) = A1.8° Fahrenheit (F) 
= A1.8° Rankine = A1° Kelvin (K) = A0.8° Reaumur (R) 
0°С = 273°К = 32°F = 492° Rankine = 0°R 
100°C = 373°К = 212°F = 672° Rankine = 125°R 
0°К = — 273.16°C = — 459.72°F 


Force 
{newton = 1 X 105 dynes = 0.22481 lb wt 
1 dyne = 2.2481 X 107% Ib wt = 7.2330 X 10-5 poundal = 0.0010197 
1 gram wt = 0.07932 poundal = 980.665 dynes = 2.2046 X 10-316 а = 
1 ]b wt = 32.174 poundals = 453.59 gram wt = 4.4482 newtons 
1 poundal = 0.031081 Ib wt = 14.098 gram wt = 1.3825 X 10! dynes 
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Units and conversion factors 


Units, conversion factors and physical constants (continued) 


Work and Energy 


1 absolute (abs) joule = 1 newton-meter = 1 X 107 ergs = 1 X 107 dyne-cm 
= 1 watt-sec = 1 volt-coulomb = 0.73756 ft-lb = 2.3889 x 1074 kg-cal (mean) 
= 9.4805 X 10-* Btu (mean) = 23.730 ft-poundal = 2.778 X 10-7 kwhr 
= 3.725 X 1077 hp-hr 

1 gram-cal (mean) = 4.186 joules (abs) 

1 gram-cal (15°C) = 4.1855 joules (abs) = 0.003968 Btu 

1 joule (International) = 1.000165 joules (abs) 

1 kwhr = 3413.0 Btu (mean) = 2.6552 X 10° ft-lb = 1.3410 hp-hr 

1 liter atm (normal) = 3.7745 X 107° hp-hr = 24.206 g-cal (mean) = 101.328 
joules (abs) 

1 atomic mass unit (amu) = 931.16 Mev = 1.65983 X 10~*4 gram mass 
(energy equiv) 

1 electron volt = 1.60207 X 10-!? joule (abs) 


Power 


1 Btu (mean)/min = 0.023575 hp = 17.580 watts (abs) = 778.0 ft-lb/min 
lerg/sec = 10—10 kw = 1.3412 X 10710 hp = 1 X 1077 watt = 5.688 x 107? 
Btu (mean)/min = 1.4333 X 10-? kg-cal (mean)/min = 7.3756 X 10-8 ft-lb/sec 
1 hp (mech) = 0.70696 Btu (mean) /sec = 550 ft-Ib/sec = 745.70 watts 
= 10.688 kg-cal (mean) /min 
1 hp (elec) = 746.00 watts 


Torque 


1 dyne-cm = 1.0197 X 10-8 kg-meter = 7.3757 X 10-8 lb-ft = 8.8511 X 1077 Ib-in. 
= 2.3731 X 10-6 poundal-ft 

1 kg-meter = 9.8066 X 107 dyne-cm 

1 lb-ft = 1.3558 X 107 dyne-cm 

1 poundal-ft = 4.2140 X 105 dyne-cm 

1 Њ-т. = 1.1298 X 10° dyne-cm 


Physical Constants 


h = Planck constant = (6.6252 + 0.0005) X 10-27 erg-sec 
Ro = gas constant per mole = (8.31662 + 0.00038) X 107 erg/*K-mole (physical scale) 
= (8.20545 + 0.00037) X 10-7 liter atm/°K-mole (chem scale) 
k = Boltzmann constant = (1.38042 + 0.00010) X 10-15 егр/°К 
в = Stefan-Boltzmann constant (for black body) = (5.6686 + 0.0005) x 107% 
erg/(sq ст)-(зес)(°К)* 
C = velocity of light = (2.99793 + 0.00001) X 1019 ст/ѕес = 186,284 miles/sec 
S = Faraday constant 96,520 + 3) abs coulombs/gram equivalent (physical scale) 
е = electronic charge = (1.60207 + 0.00007) X 10-! abs coulombs 
= (4.80288 + 0.00021) X 10-19 esu 
e/m = specific electronic charge = (1.75888 + 0.00005) X 1011 abs coulombs/kg 
No = Avogadro's number = (6.02472 + 0.00036) X 1035 molecules/gram mole 
(physical scale) = (6.02308 + 0.00040) X 10?! molecules/gram mole 
(chemical scale) 
oo = 1? /4т те? = first Bohr radius = (5.29171 + 0.00006) X 1075 ст 
e = 1/μο С? = permittivity of free space = (8.8542 + 0.0001) X 1012 farad/meter 
ро = permeability of free space = 4т X 1077 henry/meter = 12.5664 X 1077 
henry /meter 
Zo = (ш/о) = impedance of free space = (376.731 + 0.001) ohm 
G = Newton's gravity constant = (6.670 + 0.005) X 10-8 cu em/gram see 
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Units and conversion factors 


Units, conversion factors and physical constants (continued) 


g = acceleration due to gravity (standard) = 32.174 ft /sec? = 980.665 cm/sec” 
= 386.09 in./sec? = 21.94 miles /hr-sec 
Rest energy of the electron = 0.51098 Mev 
Electron mass = (9.1085 + 0.0006) X 10-33 gram = 0.51098 Mev = 5.48760 x 1074 
amu 
Proton mass = (1.67243 + 0.00010) X 10~*4 gram = 938.232 Mev = 1.007593 amu 
Neutron mass = (1.67474 + 0.00010) X 10 — gram = 939.526 Mev = 1.008982 amu 
c particle mass = (6.6442 + 0.0012) X 1077* gram = 3727.377 Mev = 4.00294 ш 
Ни atom mass = (1.67335 + 0.00010) X 10-2 gram = 938.743 Mev = 1.008142 amu 


source: Atomic Constants: Dumond and Cohen, Rev. Mod. Phys., 25:691 (1953). 


Electrical Units 


Absolute Practical Electrostatic (esu) Electromagnetic (emu) 
1 coulomb = 2.998 X 10° statcoulombs 107! abcoulomb 
1 ampere (coulomb/sec) = 2.998 X 10° statamp 1071 abamp 
1 volt 3.335 X 107? statvolt 108 abvolts 
1 farad 8.988 X 10! statfarads 10-9 abfarad 


f ü wow wg H H H H 


1 weber/sq meter 1/(8 X 10°) 10! gauss 

1 ampere turn /meter 127 X 107 1.257 X 107? oersted 
1 ampere turn 12x X 10? 1.257 gilberts ° 

1 henry 1.112 X 1012 stathenry 10? abhenrys 

1 ohm = 1.112 X 107? statohm 10? abohms 


Miscellaneous Constants and Conversions 

Density of water at 3.98°C, 760 mm Hg = 0.03613 lb/cu т. = 62.43 lb/cu ft 
= 1 gram/ml = 0.999973 gram/cu cm 

Density of air (stp) = 1.293 X 10-3 gram/cu em 

stp = standard temperature and pressure = 0°C and 760 mm Hg 

Water heat of fusion (0°C) = 79.71 g-cal (15°C) /gram 

Water heat of vaporization (100°C) = 539.55 g-cal (15°C) /gram 

Molar volume (stp) = 359 cu ft/lb mole = (22.4207 + 0.0006) liters/gram mole 
(physical scale) 

Velocity of sound: in air (stp) = 331.7 meters/sec = 1,088 ft/sec 

in water (20°C) = 1,470 meters/see = 4,823 ft/sec 
/sec = 10,900 ft/sec 
ec = 16,410 ft ‘see 


in pine wood = 3,320 meters 
in soft steel = 5,000 meters 
Attenuation of sound m air (stp, 37% rh) = 6=6 X 10—!4 db (ke)2/ft 
Viscosity of water (20°C) = 1.002 centipoise 0.01002 dyne-sec 54 em 
1 curie activity = 3.7 X 10 disintegrations/see = 3.7 X 10* rutherfords 
1 roentgen (т) radiation damage = ionization by Х or y rays producing 1 esu of 
charge in 1 cu em air (stp) 
1 barn eross section — 10- sq em 
Ratio physical (O!6 = 16) to chemical scale (О = 16) of atomic weights 
= 1.000272 = 0.000005 
М = mass of earth = 5.983 X 10* kg = 6.595 X 10?! tons 
Interference fringe = 11.64 in./fringe (He line: 5,875.6 angstrom units) 
т = 3.1415926535 + 
е = 2.7182818284 + 
Loge N = loge 10 X logio N Е 2.3026 logio N 
1 kwhr = 4.2 X 107? gram [335 in fission 
= 6.4 X 107% gram Hš in Н? (d,n,) Не! reaction 
œ average noon insolation in 1 hr ori a horizontal plane of 1 sq meter 
= 0.74 Ib (highest modern power stat ion efficiency оп 12,500 Btu ЛЬ coal) 
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Τεπαρ. conversion 


Table 1-1. Temperature-conversion table* 


The general formulas are 
"F-(CX99--32 and °C = (°F — 32) X56 


The absolute temperature is defined by the statement that it is directly proportional to the pressure-volume 
product of an ideal gas. On the centigrade scale the absolute temperature is equal to 273.16 + РС. A tem- 
perature of 50°C is then equal to 273.16 + 50 = 323.16 degrees centigrade absolute (°C abs) or Kelyin (°K). 
Оп the Fahrenheit scale the absolute temperature is equal to 460 + Е and is termed degrees Rankine (^R). 


‘The numbers in bold-face type refer to the temperature (in either centigrade or Fahrenheit degrees) which 
it is desired to convert into the other scale. If converting from Fahrenheit degrees to centigrade degrees, the 
equivalent temperature is in the left column, while if converting from degrees centigrade to аө Fahrenheit, 

ї in the last two 


the equivalent temperature із in the column on the right. Interpolation factors are printe 
columns. 

Grven: 200°C. $ А 
уар emperaires in degrees Fahrenheit, Rankine, and Kelvin. 


` 200°C = 200 + 273.16 = 473.16°К 
200°C = 392 + 460 = 852°R 


E — ; С Ее Е 
—262 —440 = 50 5 410 12.8 55 131.0 
—257 —430 = 94 6 428 13:3 56 1328 
-51 —420 = 139 7 446 13:9 57 134.6 
—246 —410 -133 8 464 14:4 58 136.4 
—240 —400 = 128 9 482 15:0 59 1382 
—234 —390 = 12.2 10 50.0 15.6 60 140.0 
—229  —380 -17 H 518 161 61 141.8 
—223 —370 — НА 12 53.6 16.7 62 143.6 
—218 —360 = 10:6 13 554 17.2 63 145.4 
—212 - 350 = 100 14 572 17.8 6 1472 
—207 —340 — 944 15 50 183 65 149.0 
—201 —330 — 889 16 608 189 66 150.8 
—196 —320 - 833 17 626 194 67 152.6 
—190 —310 — 738 18 6441] 200 68 1544 
—l84  —300 - 722 19 62 20.6 69 156.2 
—179 —290 - 6.67 20 68.0} 21.1 70 158.0 
—173 —280 = 611 n 68| 27 т 1598 
—169 -213 —459.4 | — 556 22 716] 222 12 161-6 
—168 —210 —454 | — 500 23 734 228 73 1634 
—162 —260 46 | — 44 24 752 33 74 1652 
—157 -250 —48 | — 3.89 25 770 23.9 15 167.0 
—151 -240 —40 | — 333 26 788) 244 76 168. 
146 —230 —382 | — 278 27 806 | 250 ΤΙ 170. 
—140 —220 —364 | — 222 28 824 25.6 18 172. 
-14 —210 —346 | — 167 29 842 26.1 79 174 
—129 ~200-328 | — 1.11 30 860 26.7 80 176. 
—123 -190-30 | — 056 31 878 Z2 81 177. 
O 32 896 27.8 82 179. 
0.56 33 914 283 83 181 
VW 34 932! 289 84 183. 
167 35 950] 29.4 85 185. 
222 36 96.8 30.0 86 186. 
278 37 986 30.6 87 188. 
333 38 100.4 31.1 88 190 
389 39 1022 31.7 89 1922 
4.44 40 104.0 | 322 90 194.0 
5.00 41 1058 328 91 1958 
5.56 42 1076 33.3 92 1976 
6.11 43 1094 33.9 93 1994 
667 44 112 34:4 94 2012 
— 45.6 — 50 — 7.22 45 1130] 35.0 95 203.0 
— 40.0 — 40 — 778 46 1148| 356 96 2048 
— 34:4 — 30 — 22 833 41 116.6 361 97 2066 
- 28.9 — 20 4 8.80 48 118.4 36.7 98 208.4 
—233-1 14 9.4 49 120.2 37.2 99 210.2 
-178 0 3 10.0 50 122.0} 38 100 212 
-172 1 38 106 51 12:8| 43 110 230 
— 167 2 356 11.1 82 1256| 4 120 248 
-l61 3 374 117 53 1274 54 130 266 
= 156 4 392 12:2 54 129.2 140 284 


| 


* Егот К. H. Perry, “Engineering Manual,” McGraw-Hill Book Company, 
New York, 1959. I 
56 Є" 
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Temp. conversion 


Table 1-1. Temperature-conversion table (continued) 


1 Е σ Е σ Е σ Е 
343 650 1202 704 1300 2372 1066 1950 3542 1371 2500 4532 — 
349 660 1220 710 1310 2390 1071 1960 3560 1377 2510 4550 
354 610 1238 716 1320 2408 1077 1970 3578 1382 2520 4568 
360 680 1256 721 1330 2426 1082 1980 3596 1388 2530 4586 

690 1274 1340 1088 1990 3614 1393 2540 
371 100 1292 732 1350 2462 1093 2000 3632 1399 2550 4622 
37 710 1310 738 1360 2480 1099 2010 3650 1404 2560 4640 
382 120 1328 743 1370 2498 1104 2020 3668 1410 2570 4658 
388 730 1346 749 1380 2516 ΠΙΟ 2030 1416 2580 4676 
393 40 1364 754 1390 2534 116° 2040 3704 1421 2590 4694 
39 150 1382 760 1400 2552 1121 2050 3722 1427 2600 4712 
404 160 1400 766 1410 2570 1127 2060 3740 1432 2610 4730 
410 — 770 1418 771 1420 1132 2070 3758 1438 2620 4748 
416 780 1436 1430 2606 1138 2080 3776 1443 2630 4766 
421 190 1454 782 1440 2624 1143 2090 3794 1449 2640 4784 
47 в00 1472 1450 2642 1149 2100 3812 1454 2650 4802 
432 810 1490 793 1460 1154 2110 3830 1460 2660 4820 
438 820 1508 799 1410 2678 1160 2120 3848 1466 2670 4838 
443 830 1526 80+ 1480 2696 1166 2130 3866 1471 2680 4856 
449 840 1544 810 1490 2714 1171 2140 3884 1477 2690 4874 
454 850 1562 816 1500 2732 177 2150 3902 1482 2700 4892 
460 860 1580 821 1510 2750 1182 2160 3920 1488 2710 4910 

870 1598 827 1520 2768 1188 2170 3938 1493 2720 4928 
471 880 1616 832 1530 2786 1193 2180 3956 1499 2730 4946 

890 1634 838 1540 2804 1199 2190 3974 1504 2740 4964 
482 900 1652 843 1550 2822 1204 2200 3992 1510 2750 4982 
488 910 1670 849 1560 2840 1210 2210 4010 1516 2760 5 
43 920 1688 854 1570 2858 1216 2220 4028 1521 2770 5018 
49 930 1706 860 1580 2876 1221 2230 4046 1527 2780 5036 
504 940 1724 866 1590 2894 1227 2240 1532 2190 5054 
510 950 1742 871 1600 2912 1232 2250 4082 1538 2800 5072 
516 960 1760 877 1610 2930 1238 2260 4100 1543 2810 5090 
521 970 1778 882 1620 2948 1243 2210 4118 1549 2820 5108 
527 980 1796 1630 2966 1249 2280 4136 1554 2830 5126 
532 990 1814 893 1640 2984 1254 2290 4154 1560 2840 5144 
538 1000 1832 899 1650 3002 1260 2300 4172 1566 2850 5162 
543 1010 1850 904 1660 3020 1266 2310 4190 1571 2860 5180 
549 1020 1868 910 1670 3038 1271 2320 4208 1577 2870 5198 
554 1030 1886 916 1680 3056 127 2330 4226 1582 2880 5216 
560 1040 1904 921 1690 3074 1282 2340 4244 1588 2890 5234 

1050 1922 927 1100 3092 1288 2350 4262 1593 2900 5252 
571 1060 1940 932 1710 3110 1293 2360 4280 1599 2910 5270 
шош | За кон m omm | mnm 

13 

588 1090 1994 99 1740 3164 1310 2390 4334 1616 2340 5324 
593 1100 2012 954 1750 3182 1316 2400 4352 1621 2950 5342 

1110 2030 960 1760 3200 1321 2410 4370 1627 2950 5360 
Go ime BE im dae рр ш | ig mm 

1 

616 1140 2084 977 1190 3254 1338 — 2440 4424 Ἰ 2930 зн 
621 1150 2102 982 1800 3272 1343 2450 4442 
627 1160 2120 988 1810 3290 1349 2460 4460 
632 1170 2138 93 1820 3 1354 2470 4478 
638 1180 2156 1830 3326 1360 2480 4496 
63 1190 2174 1004 — 1840 3344 1366 2490 4514 

1200 2192 1010 1850 3362 
ЕВЕ mm 

220 2 i 

1230 2246 1027 1880 3416 Tateenolation)Eators 
671 1240 2264 1032 1890 3434 

250 2282 1038 1900 3452 056 1 1.8 333 6 108 
pu 1260 230 1043 1910 3470 LH 2 356 380 т 126 
688 1270 2318 1049 1920 3488 Ug 3 54 444 8 144 
693 1280 2336 1054 1930 3506 22 4 72 50 9 16.2 
69 1290 2354 1060 1940 3524 278 5 90 5.56 10 18.0 

κα. т тыь il l l ——— ——— s 
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Numerical constants 


58 


e = 2.71828183 


N logio N 

т = 3.14159265 0.4971499 

2r = 6.28318531 0.7981799 

7/2 = 1.57079633 0.1961199 
1/т = 0.31830989 9.5028501 — 10 
1/2т = 0.15915494 9.2018201 — 10 

z^ = 9.86960440 0.9942997 
1/т° = 0.10132118 9.0057003 — 10 

Vr = 1.77245885 — 0.2485749 

V2r = 2.50662827 0.3990899 

МЇт/2 = 1.25331414 0.0980599 
1/ ут = 0.56418958 9.7514251 — 10 
A/2/m = 0.79788456 9.9019401— 10 
1/М 2х = 0.39894228 9.0009101 — 10 

V2 = 1.41421356 0.1505150 


М = loge = 0.43429448 
ИМ = log, 10 = 2.30258509 
log, т = 1.14472989 


sectiom 
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FOUR-PLACE TABLES 
FOR QUICK 
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Table 2-1. Common logarithms of numbers* 


Es Ru 
ZS] ο 1 2 за 5 6 7 8 s | 23 
1.0 | 0.0000 0043 0086 0128 0170 0212 0253 0294 0334 0374 

11 | 0414 0453 0492 0531 0569 0607 0645 0682 0719 0755 

1.2 | 0792 0828 0864 0899 0934 0969 1004 1038 1072 1106 

13 | 1139 1173 1206 1239 1271 1303 1335 1367 1399 1430 

1.4 | 1461 1492 1523 1553 1584 1614 1644 1673 1703 1732 

1.5 | 1761 1790 1818 1847 1875 1903 1931 1959 1987 2014 

1.6 | за 2068 2095 2122 2148 2175 2201 2227 2253 2279 

1.7 | 2304 2330 2355 2380 2405 2430 2455 2480 2504 2529 

1.8 | 2553 2577 2601 2625 2648 2672 2695 2718 2742 2765 

1.9 | 2788 2810 2833 2856 2878 2900 2923 2945 2967 2989 

2.0 | 0.3010 3032 3054 3075 3096 3118 3139 3160 3181 3201 21 
2.1 | 322 3243 3263 3284 3304 3324 3345 3365 3385 3404 20 
2.2 3424 3444 3464 3483 3502 3522 3541 3560 3579 3598 19 
2.3 | 3617 3636 3655 3674 3692 3711 3729 3747 3766 3784 18 
2.4 | 3802 3820 3838 3856 3874 3892 3909 3927 3945 3962 7 
2.5 | 3979 3997 4014 4031 4048 4065 4082 4099 4116 4133 17 
2.6 | 4150 4166 4183 4200 4216 4232 4249 4265 4281 4298 16 
2.7 | 4314 4330 4346 4362 4378 4393 4409 4425 4440 4456 16 
2.8 | 4472 4487 4502 4518 4533 4548 4564 4579 4594 4609 15 
2.9 | 4624 4639 4654 4669 4683 4698 4713 4728 4742 4757 15 
3.0 | 0.4771 4786 4800 4814 4829 4843 4857 4871 4886 4900 14 
3.1 4914 4928 4942 4955 4969 4983 4997 5011 5024 5038 14 
3.2 | 5051 5065 5079 5092 5105 5119 5132 5145 5159 5172 13 
3.3 | 5185 5198 5211 5224 5237 5250 5263 5276 5289 5302 13 
3.4 | 5315 5328 5340 5353 5366 5378 5391 5403 5416 5428 13 
3.5 | 5441 5453 5465 5478 5490 5502 5514 5527 5539 5551 12 
3.6 | 5563 5575 5587 5599 5611 5623 5635 5647 5658 5670 12 
3.7 | 5682 5694 5705 5717 5729 5740 5752 5763 5775 5786 12 
3.8 | 5798 5809 5821 5832 5843 5855 5866 5877 5888 5899 n 
39| 5911 5922 5933 5944 5955 5966 5977 5988 5999 6010 Ш 
40 | 0.6021 6031 6042 6053 6064 6075 6085 6096 6107 6117 " 
4.1 6128 6138 6149 6160 6170 6180 6191 6201 6212 6222 10 
4.2 | 6232 6243 6253 6263 6274 6284 6294 6304 6314 6325 10 
4.3 | 6335 6345 6355 6365 6375 6385 6395 6405 6415 6425 10 
4.4 | 6435 6444 6454 6464 6474 6484 6493 6503 6513 6522 10 
4.5 6532 6542 6551 6561 6571 6580 6590 6599 6609 6618 10 
4.6 | 6628 6637 6646 6656 6665 6675 6684 6693 6702 6712 10 
47 | 6721 6730 6739 6749 6758 6767 6776 6785 6794 6803 9 
4.8 | 6812 6821 6830 6839 6848 6857 6866 6875 6884 6893 2 
49 | 6902 6911 6920 6928 6937 6946 6955 6964 6972 6981 

log = 0.4971 log x/2 = 0.1961 log x2 = 0.9943 log /7 = 0.2486 
loge = 0.4343 — log (0.4343) = 0.6378 — 1 


These two pages give the common logarithms of numbers between 1 and 10, correct to four places. 


Moving the decimal point n places to the right [or left] in the number is equivalent to adding n [or — τὶ 


the logarithm. Thus, log 0.017453 = 0.2419 — 2, which may also be written 2.2419 or 8.2419 — 10. Seo 


p. 1, graphs, p. 2. 


* From L. S. Marks, ‘Mechanical Engineer’s Handbook,” McGraw-Hill Book 


log (ab) = log a + log b 
а 
log G) = log a — log b 


Company, New York, 1958. 


log (aN) = N log a 


log (ας) = LIII 


m Ἔα | 


"ы 4 = = NN = = = к= 
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Table 2-1. Common logarithms of numbers (continued) 


Be. 

EH 0 1 2 3 4 5 6 7 8 9 ЕЕ 
5.0 | 0.6990 6998 7007 7016 7024 7033 7042 7050 7059 7067 9 
5.1 | 7076 7084 7093 7101 7110 7118 7126 7135 7143 7152 8 
5.2 | 7160 7168 7177 7185 7193 7202 7210 7218 7226 7235 8 
5.3 | 7243 7251 7259 7267 7275 7284 7292 7300 7308 7316 8 
5.4 | 7324 7332 7340 7348 7356 7364 7372 7380 7388 7396 8 
5.5 | 7404 7412 7419 7427 7435 7443 7451 7459 7466 7474 8 
5.6 | 7482 7490 7497 7505 7513 7520 7528 7536 7543 7551 8 
57 | 7559 7566 7574 7582 7589 7597 7604 7612 7619 7627 8 
5.8 | 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701 7 
5.9 | 7709 7716 7723 7731 7738 7745 7752 7760 7767 7774 7 
6.0 | 0.7782 7789 7796 7803 7810 7818 7825 7832 7839 7846 1 
6.1 | 7853 7860 7868 7875 7882 7889 7896 7903 7910 7917 7 
6.2 | 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987 7 
6.3 | 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055 7 
6.4 | 8062 8069 8075 8082 8089 8096 8102 8109 8116 8122 7 
6.5 | 8129 8136 8142 8149 8156 8162 8169 8176 8182 8189 7 
6.6 | 8195 8202 8209 8215 8222 8228 8235 8241 8248 8254 7 
6.7 | 8261 8267 8274 8280 8287 8293 8299 8306 8312 8319 6 
6.8 | 8325 8331 8338 8344 8351 8357 8363 8370 8376 8382 6 
6.9 8388 8395 8401 8407 8414 8420 8426 8432 8439 8445 6 
то | 0.8451 8457 8463 8470 8476 8482 8488 8494 8500 8506 6 
71 | 8513 8519 8525 8531 8537 8543 8549 8555 8561 8567 6 
7.2 | 8573 8579 8585 8591 8597 8603 8609 8615 8621 8627 6 
7.3 | 8633 8639 8645 8651 8657 8663 8669 8675 8681 8686 6 
7.4 | 8692 8698 8704 8710 8716 8722 8727 8733 8739 8745 6 
7.5 | 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802 6 
7.6 | 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859 6 
77 | 8865 8871 8876 8882 8887 8893 8899 8904 8910 8915 6 
7.8 | 8921 8927 8932 8938 8943 8949 8954 8960 8965 8971 6 
7.9 | 8976 8982 8987 8993 8998 9004 9009 9015 9020 9025 5 
8.0 | 0.9031 9036 9042 9047 9053 9058 9063 9069 9074 9079 5 
81| 9085 9090 9096 9101 9106 9112 9117 9122 9128 9133 5 
82| 9138 9143 9149 9154 9159 9165 9170 9175 9180 9186 5 
8.3 | 9191 9196 9201 9206 9212 9217 9222 92277 9232 9238 5 
84| 9243 9248 9253 9258 9263 9269 9274 9279 9284 9289 5 
8.5 | 9294 9299 9304 9309 9315 9320 9325 9330 9335 9340 5 
8.6 9345 9350 9355 9360 9365 9370 9375 9380 9385 9390 2 
87| 9395 9400 9405 9410 9415 9420 9425 9430 9435 9440 5 
88 | 9445 9450 9455 9460 9465 9469 9474 9479 9484 9489 5 
89| 9494 9499 9504 9509 9513 9518 9523 9528 9533 9538 5 
9.0 | 0.9542 9547 9552 9557 9562 9566 9571 9576 958! 9586 5 
91| 9590 9595 9600 9605 9609 9614 9619 9624 9628 9633 5 
9.2 | 9638 9643 9647 9652 9657 9661 9666 9671 9675 9680 5 
93| 9685 9689 9694 9699 9703 9708 9713 9717 9722 9727 5 
94| 9731 9736 9741 9745 9750 9754 9759 9763 9768 9773 5 
9.5 | 9777 9782 9786 9791 9795 9800 9805 9809 9814 9818 5 
96] 9823 9827 9832 9836 9841 9845 9850 9854 9859 9863 4 
97 | 9868 9872 9877 9881 9886 9890 9894 9899 9903 9908 4 
98| 9912 9917 9921 9926 9930 9934 9939 9943 9948 9952 4 
99| 9956 9961 9965 9969 9974 9978 9983 9987 9991 9996 4 
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Table 2-2. Natural sines and cosines* 
Natural sines at intervals of 0°.1, or 6’ 


ко 50 ° По °з ед 9.5 od ет 58 че 

А | =(0) (6) (2) (18) (24) (30) (36) (42) (48) (54) 
0.0000 
0° | 0.0000 0017 0035 0052 0070 0087 0105 0122 0140 0157 0175 
1 0175 0192 0209 0227 0244 0262 0279 0297 0314 0332 0349 
2 0349 0366 0384 0401 0419 0436 0454 0471 0488 0506 0523 
2 0523 0541 0558 0576 0593 0610 0628 0645 0663 0680 0698 
4 0698 0715 0732 0750 0767 0785 0802 0819 0837 0854 0.0872 
5 0.0872 0889 0906 0924 0941 0958 0976 0993 1011 1028 1045 
6 1045 1063 1080 1097 1115 1132 1149 1167 1184 1201 1219 
1 1219 1236 1253 1271 1288 1305 1323 1340 1357 1374 1392 
8 1392 1409 1426. 1444 1461 1478 1495 1513 1530 1547 1564 
9 1564 1582 1599 1616 1633 1650 1668 1685 1702 1719 0.1736 
10° | 0.1736 1754 1771 1788 1805 1822 1840 1857 1874 1891 1908 
И 1908 1925 1942 1959 1977 1994 2011 2028 2045 2062 2079 
12 2079 2096 2113 2130 2147 2164 2181 2198 2215 2233 2250 
13 2250 2267 2284 2300 2317 2334 2351 2368 2385 2402 2419 


14 2419 2436 2453 2470 2487 2504 2521 2538 2554 2571 0.2588 


15 0.2588 2605 2622 2639 2656 2672 2689 2706 2723 2740 2756 
16 2756 2773 2790 2807 2823 2840 2857 2874 2890 2907 2924 
17 2924 2940 2957 2974 2990 3007 3024 3040 3057 3074 3090 
18 3090 3107 3123 3140 3156 3173 3190 3206 3223 3239 3256 
19 3256 3272 3289 3305 3322 3338 3355 3371 3387 3404 0.3420 


205 0.3420 3437 3453 3469 3486 3502 3518 3535 3551 3567 3584 


21 3584 3600 3616 3633 3649 3665 3681 3697 3714 3730 3746 
22 3746 3762 3778 3795 3811 3827 3843 3859 3875 3891 3907 
23 3907 3923 3939 3955 3971 3987 4003 4019 4035 4051 4067 
24 4067 4083 4099 4115 4131 4147 4163 4179 4195 4210 0.4226 


25 0.4226 4242 4258 4274 4289 4305 4321 4337 4352 4368 4384 
26 4384 4399 4415 4431 4446 4462 4478 4493 4509 4524 4540 
27 4540 4555 4571 4586 4602 4617 4633 4648 4664 4679 4695 
28 4695 4710 4726 4741 4756 4772 4787 4802 4818 4833 4848 
29 4848 4863 4879 4894 4909 4924 4939 4955 4970 4985 0.5000 


30° | 0.5000 5015 5030 5045 5060 5075 5090 5105 5120 5135 5150 


31 5150 5165 5180 5195 5210 5225 5240 5255 5270 5284 5299 
32 3299 5314 5329 5344 5358 537 5388 5402 5417 5432 2446 
33 5446 5461 5476 5490 5505 5519 5534 5548 5563 5577 5592 
34 5592 5606 5621 5635 5650 5664 5678 5693 5707 5721 0.5736 
35 | 0.5736 5750 5764 5779 5793 5807 5821 5835 5850 5864 5878 
36 5878 5892 5906 5920 5934 5948 5962 5976 5990 6004 6018 
37 6018 6032 6046 6060 6074 6088 6101 6115 6129 6143 6157 
38 6157 6170 6184 6198 6211 6225 6239 6252 6266 6280 6293 
39 6293 6307 6320 6334 6347 6361 6374 6388 6401 6414 0.6428 
40° | 0.6428 6441 6455 6468 6481 6494 6508 6521 6534 6547 6561 
41 6561 6574 6587 6600 6613 6626 6639 6652 6665 6678 6691 
42 6691 6704 6717 6730 6743 6756 6769 6782 6794 6807 6820 
43 6820 6833 6845 6858 6871 6884 6896 6909 6921 6934 6947 
44 6947 6959 6972 6984 6997 7009 7022 7034 7046 7059 0.707! 
45° | 0.7071 

са ев эж ug °.5 ой sg Па “i °.0 


„бо (48) (42) O6) G0) QW) α Q2) 6) (009 


Natural cosines 


í k 
* From L. 8. Marks, “Mechanical Engineer's Handbook," MeGraw-Hill Boo 


Company, New York, 1958. 
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Table 2-2. 
Natural sines at intervals of 0°.1, or 6" 


Natural sines and cosines (continued) 


к 90 оў Sig эб “w 5.5 об от 98 59 шш 
A} =G) (6) (2) (8) @ (30) (36) (42) (48) G4) 28 

0.7071 | 45° 
45° | 0.7071 7083 7096 7108 7120 7133 7145 7157 7169 7181 7193 | 44 | 12 
46 7193 7206 7218 7230 7242 7254 7266 7278 7290 7302 7314 | 43 | 12 
47 7314 7325 7337 7349 7361 7373 7385 7396 7408 7420 7431 |42 | 12 
48 7431 7443 7455 7466 7478 7490 7501 7513 7524 7536 7547 | 4| | 12 
49 7547 7559 7570 7581 7593 7604 7615 7627 7638 7649 0.7660 | 405 | 11 
50°| 0.7660 7672 7683 7694 7705 7716 7727 7738 7749 7760 7771 | 39 | M 
51 7771 7782 7793 7804 7815 7826 7837 7848 7859 7869 7880 | 38 | 11 
52 7880 7891 7902 7912 7923 7934 7944 7955 7965 7976 7986 |37 | H 
53 7986 7997 8007 8018 8028 8039 8049 8059 8070 8080 8090 | 36 | 10 
54 8090 8100 8111 8121 8131 814! 8151 8161 8171 8181 0.8192 | 35 | 10 
55 | 0.8192 8202 8211 8221 8231 8241 8251 8261 8271 8281 8290 | 34 | 10 
56 8290 8300 8310 8320 8329 8339 8348 8358 8368 8377 8387 | 33 | 10 
57 8387 8396 8406 8415 8425 8434 8443 8453 8462 8471 8480 | 32 | 9 
58 8480 8490 8499 8508 8517 8526 8536 8545 8554 8563 8572 |31 | 9 
59 8572 8581 8590 8599 8607 8616 8625 8634 8643 8652 0.8660 | 30° 9 
60° | 0.8660 8669 8678 8686 8695 870+ 8712 8721 8729 8738 8746 |29 | 9 
61 8746 8755 8763 8771 8780 8788 8796 8805 8813 8821 8829 |28 | 8 
62 8829 8838 8846 8854 8862 8870 8878 8886 8894 8902 8910 | 27 | 8 
63 8910 8918 8926 8934 8942 8949 8957 8965 8973 8980 8988 | 26 | 8 
64 8988 8996 9003 9011 9018 9026 9033 9041 9048 9056 0.9063 |25 7 
65 | 0.9063 9070 9078 9085 9092 9100 9107 9114 9121 9128 9135 | 24 | 7 
66 9135 9143 9150 9157 9164 9171 9178 9184 9191 9198 9205 |23 7 
67 9205 9212 9219 9225 9232 9239 9245 9252 9259 9265 9272 | 22 | 7 
68 9272 9278 9285 9291 9298 9304 9311 9317 9323 9330 9336 | 21 | 6 
69 9336 9342 9348 9354 9361 9367 9373 9379 9385 9391 0.9397 20°, 6 
10° | 0.9397 9403 9409 9415 9421 9426 9432 9438 9444 9449 9455 | 19 | 6 
71 9455 9461 9466 9472 9478 9483 9489 9494 9500 9505 9511 |18 | 6 
72 9511 9516 9521 9527 9532 9537 9542 9548 9553 9558 9563 |17 | 5 
73 9563 9568 9573 9578 9583 9588 9593 9598 9603 9608 9613 |16 | 5 
74 9613 9617 9622 9627 9632 9636 9641 9646 9650 9655 0.9659 | IS | 5 
75 | 0.9659 9664 9668 9673 9677 9681 9686 9690 9694 9699 9703 | 14 | 4 
76 9703 9707 9711 9715 9720 9724 9728 9732 9736 9740 9744 |13 | 4 
77 9744 9748 9751 9755 9759 9763 9767 9770 9774 9778 9781 |12 4 
78 9781 9785 9789 9792 9796 9799 9803 9806 9810 9813 9816 | | | 3 
79 9816 9820 9823 9826 9829 9833 9836 9839 9842 9845 0.9848 | 10°| 3 
80? | 0.9848 9851 9854 9857 9860 9863 9866 9869 9871 9874 9877 | 9 | 3 
8l 9877 9880 9882 9885 9888 9890 9802 9895 9898 9900 9903 | 8 | 3 
82 9903 9905 9907 9910 9912 9914 9917 9919 9921 9923 9925 | 7 | 2 
83 9925 9928 9930 9932 9934 9936 9938 9940 9942 9943 9945 | 6 | 2 
84 9945 9947 9949 9951 9952 9954 9956 9957 9959 9960 0.9962 | 5 2 
85 | 0.9962 9963 9965 9966 9968 9969 9971 9972 9973 9974 9976 | 4 | | 
86 9976 9977 9978 9979 9080 9981 9982 9983 9984 9985 9986 ! 3 | | 
87 9986 9987 9988 9989 9990 9990 9991 9992 9993 9993 9994 | 2 | | 
A 9994 9995 9995 9996 9996 9997 9997 9997 9998 9998 0.9998 , | | o 
89 | 0.9998 9999 9999 9999 9999 0000 0000 0000 0000 0000 1.0000 | 0° 0 

90° | 1.0000 
59 98 ο 26 5.5 од эз за 34 ер x 
-(54) (48) (42) (36) (30) (24) (18) (12) (6) 0 А 


Natural cosines 
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Trig/decimal 
Table 2-3. 


Natural tangents and cotangents* 
Natural tangents at intervals of 0°.1, or 6’ 


“! 5ο 21 га эз әд °.5 .6 ° од 99 PH 
Al чо (6) (12) (18) (24) (30) (36) (42) (48) (54) < 
0.0000 
O^| 0.0000 0017 0035 0052 0070 0087 0105 0122 0140 0157 0175 17 
1 0175 0192 0209 0227 0244 0262 0279 0297 0314 0332 9349 17 
2 0349 0367 0384 0402 0419 0437 0454 0472 0489 0507 0524 17 
3 0524 0542 0559 0577 0594 0612 0629 0647 0664 0682 0,79 18 
4 0699 0717 0734 0752 0769 0787 0805 0822 0840 0857 0.0875 18 
5 | 0.0875 0892 0910 0928 0945 0963 0981 0998 1016 1033 1051 18 
6 1051 1069 1086 1104 1122 1139 1157 1175 1192 1210 1228 18 
7 1228 1246 1263 1281 1299 1317 1334 1352 1370 1388 1405 18 
8 1405 1423 1441 1459 1477 1495 1512 1530 1548 1566 1594 18 
D 1584 1602 1620 1638 1655 1673 1691 1709 1727 1745 0.1763 18 
10° | 0.1763 1781 1799 1817 1835 1853 1871 1890 1908 1926 1944 18 
" 1944 — 1962 1980 1998 2016 2035 2053 2071 2089 2107 2126 18 
12 2126 2144 2162 2180 2199 2217 2235 2254 2272 2290 2309 18 
13 2309 2327 2345 2364 2382 2401 2419 2438 2456 2475 240 18 
14 2493 2512 2530 2549 2568 2586 2605 2623 2642 2661 0.2679 19 
15 | 0.2679 2698 2717 2736 2754 2773 2792 2811 2830 2849 2867 19 
16 2867 2886 2905 2924 2943 2962 2981 3000 3019 3038 3057 19 
7 3057 3076 3096 3115 3134 3153 3172 3191 3211 3230 3249 19 
18 3249 3269 3288 3307 3327 3346 3365 3385 3404 3424 3443 19 
19 3443 3463 3482 3502 3522 3541 3561 3581 3600 3620 0.3640 20 
20°] 0.3640 3659 3679 3699 3719 3739 3759 3779 3799 3819 3839 20 
21 3839 3859 3879 3899 3919 3939 3959 3979 4000 4020 4040 20 
22 4040 4061 4081 4101 4122 4142 4163 4183 4204 4224 4245 2 
23 4245 4265 4286 4307 4327 4348 4369 4390 4411 4431 4452 21 
24 4452 4473 4494 4515 4536 4557 4578 4599 4621 4642 0.4663 2 
25 | 0.4663 4684 4706 4727 4748 4770 4791 4813 4834 4856 4877 2! 
26 1877 4899 4921 4942 4964 4986 5008 5029 5051 5073 5095 22 
27 5095 5117 5139 5161 5184 5206 5228 5250 5272 5295 5317 22 
28 5317 5340 5362 5384 5407 5430 5452 5475 5498 5520 5543 23 
29 5543 5566 5589 5612 5635 5658 5681 5704 5727 5750 0.5774 23 
30°) 0.5774 5797 5820 5844 5867 5890 5914 5938 5961 5985 6009 24 
ЕД 6009 6032 6056 6080 6104 6128 6152 6176 6200 6224 6249 24 
32 6249 6273 6297 6322 6346 6371 6395 6420 6445 6469 6494 
33 6494 6519 6544 6569 6594 6619 6644 6669 6694 6720 6745 2 
34 6745 6771 6796 6822 6847 6873 6899 6924 6950 6976 0.7002 26 
35 | 07002 7028 7054 7080 7107 7133 7159 7186 7212 7239 7165 a5 
36 7265 7292 7319 7346 7373 7400 7427 7454 7481 7508 7536 ДА 
37 7536 756} 7590 7618 7646 7673 7701 7729 7757 7785 7813 28 
38 7813 7841 7869 7898 7926 7954 7983 8012 8040 8069 8098 2 
39 5098 8127 8156 8185 8214 8243 8273 8302 8332 8361 0.8391 
40° | 0.8391 8421 8451 8481 8511 854: 8571 8601 8632 8662 8693 20 
41 8693 8724 8754 8785 8816 8847 8878 8910 8941 8972 9004 A 
42 9004 9036 9067 9099 9131 9163 9195 9228 9260 9293 9325 33 
43 9325 9358 9391 9424 9457 9490 9523 9556 9590 9623 0.9657 3 
44 | 0.9657 9691 9725 9759 9793 9827 9861 9896 9930 9965 1.0000 
45*| 1.0000 __ 
59.58.57 og °.5 ° 5 эд А эй 


* From L. 5. Marks, “Mecha: 


=(54) (48) (42) G6) 


Company, New York, 1958. 
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(30) 


(24) (18) (17) 


(6) 


(0) 


Natural cotangents 


nical Engineer’s Handbook," McGraw-Hill Book 


m 


n n" ηλ ст Е. 


» 
m 


Trig/decimal 


Table 2-3. Natural tangents and cotangents (continued) 
Natural tangents at intervals of 0°.1, or 6’ 


ЕЗ 50 54 93 98 94 92.6 2.6 T 5.8 59 
а =(0') (6) (2) (18) (24) (30°) (36) (42) (48) (54) 


47 0724 0761 0799 0837 0875 0913 0951 0990 1028 1067 1106 | 42 38 
48 1106 1145 1184 1224 1263 1303 1343 1383 1423 1463 1504 41 40 
49 1504 1544 1585 1626 1667 1708 1750 1792 1833 1875 1.1918 | 40° | 41 


57 399 5458 5517 5577 5637 5697 5757 5818 5880 5941 6003 | 32 60 
58 6003 6066 6128 6191 6255 6319 6383 6447 6512 6577 6643 | 31 64 
59 1.6643 6709 6775 6842 6909 6977 7045 7113 7182 7251 1.7321 30° | 67 
60° 1.732 1.739 1.746 1.753 1.760 1.767 1.775 1.782 1.789 1.797 1.804 | 29 7 
61 1.804 1.811 1.819 1.827 1.834 1.842 1.849 1.857 1.865 1.873 1.881 28 8 
62 1.881 1.889 1.897 1.905 1.913 1.921 1.929 1.937 1.946 1.954 1.963 | 27 8 
63 1.963 1.971 1.980 1.988 1.997 2.006 2.014 2.023 2.032 2.041 2.050 | 26 9 
64 2.050 2.059 2.069 2.078 2.087 2.097 2.106 2.116 2.125 2.135 2.145 | 25 9 


(18) 


Natural cotangents 


65 


Table 2-4. Logarithms of sines апа cosines* 


Note: For cosines use right-hand column of degrees and lower line of tenths. 


Log sines (read down) 


Deg | 0.0° ο 0.2 0 0:4° ο 0.6 ο 0.8° 0.9 


T 7.2419 7.5429 7.7190 7.8439 7.9408 8.0200 8.0870 8.1450 8.1961 
8.2419 8.2832 8.3210 8.3558 8.3880 8.4179 8.4459 8.4723 8.4971 8.5206 
8.5428 8.5640 8.5842 8.6035 8.6220 8.6397 8.6567 8.6731 8.6889 8.7041 
8.7188 8.7330 8.7468 8.7602 8.7731 8.7857 8.7979 8.8098 8.8213 8.8326 
8.8436 8.8543 8.8647 8.8749 8.8849 8.8946 8.9042 8.9135 8.9226 8.9315 


9.0192 9.0264 9.0334 9.0403 9.0472 9.0539 9.0605 9.0670 9.0734 9.0797 
9.0859 9.0920 9.0981 9.1040 9.1099 9.1157 9.1214 9.1271 9.1326 9.1381 
9.1436 9.1489 9.1542 9.1594 9.1646 9.1697 9.1747 9.1797 9.1847 9.1895 9.1943 | 81 
9.1943 9.1991 9.2038 9.2085 9.2131 9.2176 9.2221 9.2266 9.2310 9.2353 9.2397 | 80 


0 
1 
2 
3 
4 
5 | 8.9403 8.9489 8.9573 8.9655 8.9736 8.9816 8.9894 8.9970 9.0046 9.0120 
6 
7 
8 
9 


10 | 9.2397 9.2439 9.2482 9.2524 9.2565 9.2606 9.2647 9.2687 9.2727 9.2767 9.2806 | 79 4l 
И | 9.2806 9.2845 9.2883 9.2921 9.2959 9.2997 9.3034 9.3070 9.3107 9.3143 9.3179 78 37 
12 | 9.3179 9.3214 9.3249 9.3284 9.3319 9.3353 9.3387 9.3421 9.3455 9.3488 9.3521 | 77 34 
13 | 9.3521 9.3554 9.3586 9.3618 9.3650 9.3682 9.3713 9.3744 9.3775 9.3806 9.3837 | 76 32 
14 | 9.3837 9.3867 9.3897 9.3927 9.3957 9.3986 9.4015 9.4044 9.4073 9.4102 9.4130 | 75 29 


15 | 9.4130 9.4158 9.4186 9.4214 9.4242 9.4269 9.4296 9.4323 9.4350 9.4377 9.4403 | 74 27 
16 | 9.4403 9.4430 9.4456 9.4482 9.4508 9.4533 9.4559 9.4584 9.4609 9.4634 9.4659 | 73 25 
17 | 9.4659 9.4684 9.4709 9.4733 9.4757 9.4781 9.4805 9.4829 9.4853 9.4876 9.4900 | 72 24 
18 | 9.4900 9.4923 9.4946 9.4969 9.4992 9.5015 9.5037 9.5060 9.5082 9.5104 9.5126 | 7! 22 
19 | 9.5126 9.5148 9.5170 9.5192 9.5213 9.5235 9.5256 9.5278 9.5299 9.5320 9.5341 | 70 22 


20 | 9.5341 9,5361 9.5382 9.5402 9.5423 9.5443 9.5463 9.5484 9.5504 9.5523 9.5543 | 69 20 
21 | 9.5543 9.5563 9.5583 9.5602 9.5621 9.5641 9.5660 9.5679 9.5698 9.5717 9.5736 | 68 19 
22 | 9.5736 9.5754 9.5773 9.5792 9.5810 9.5828 9.5847 9.5865 9.5883 9.5901 9.5919 | 67 18 
23 | 9.5919 9.5937 9.5954 9.5972 9.5990 9.6007 9.6024 9.6042 9.6059 9.6076 9.6093 | 66 17 
24 | 9.6093 9.6110 9.6127 9.6144 9.6161 9.6177 9.6194 9.6210 9.6227 9.6243 9.6260 | 65 17 


25 | 9.6260 9.6276 9.6292 9.6308 9.6324 9.6340 9.6356 9.6371 9.6387 9.6403 9.6418 | 64 | 16 
26 | 9.6418 9.6434 9.6449 9.6465 9.6480 9.6495 9.6510 9.6526 9.6541 9.6556 9.6571 | 63 | 15 
27 | 9.6571 9.6585 9.6600 9.6615 9.6629 9.6644 9.6659 9.6673 9.6687 9.6702 9.6716 | 62 | 14 
28 | 9.6716 9.6730 9.6744 9.6759 9.6773 9.6787 9.6801 9.6814 9.6828 9.6842 9.6856 | 61 | 14 
29 | 9.6856 9.6869 9.6883 9.6896 9.6910 9.6923 9.6937 9.6950 9.6963 9.6977 9.6990 | 60 | 14 


30 | 9.6990 9.7003 9.7016 9.7029 9.7042 9.7055 9.7068 9.7080 9.7093 9.7106 9.7118 | 59 | 13 
31 [9.7118 9.7131 9.7144 9.7156 9.7168 9.7181 9.7193 9.7205 9.7218 9.7230 9.7242 | 58 | 12 
32 | 9.7242 9.7254 9.7266 9.7278 9.7290 9.7302 9.7314 9.7326 9.7338 9.7349 9.7361 | 57 | 12 
33 | 9.7361 9.7373 9.7384 9.7396 9.7407 9.7419 9.7430 9.7442 9.7453 9.7464 9.7476 | 56 | 12 
34 | 9.7476 9.7487 9.7498 9.7509 9.7520 9.7531 9.7542 9.7553 9.7564 9.7575 9.7586] 55 | ΙΙ 


35 | 9.7586 9.7597 9.7607 9.7618 9.7629 9.7640 9.7650 9.7661 9.7671 9.7682 9.7692 | 54 | ΙΙ 
36 | 9.7692 9.7703 9.7713 9.7723 9.7734 9.7744 9.7754 9.7764 9.7774 9.7785 9.7795| 53 | 10 
37 | 9.7795 9.7805 9.7815 9.7825 9.7835 9.7845 9.7854 9.7864 9.7874 9.7884 9.7893 | 52 | 10 
38 | 9.7893 9.7903 9.7913 9.7922 9.7932 9.7942 9.7951 9.7960 9.7970 9.7979 9.7989 | 51 
39 | 9.7989 9.7998 9.8007 9.8017 9.8026 9.8035 9.8044 9.8053 9.8063 9.8072 9.8081 | 50 


40 | 9.8081 9.8090 9.8099 9.8108 9.8117 9.8125 9.8134 9.8143 9.8152 9.8161 9.8169 | 49 | ὃ 
41 | 9.8169 9.8178 9.8187 9.8195 9.8204 9.8213 9.8221 9.8230 9.8238 9.8247 9.8255 | 48 | ὃ 
42 | 9.8255 9.8264 9.8272 9.8280 9.8289 9.8297 9.8305 9.8313 9.8322 9.8330 9.8338 | 47 i 
43 | 9.8338 9.8346 9.8354 9.8362 9.8370 9.8378 9.8386 9.8394 9.8402 9.8410 9.9418| 46 | κ 
44 | 9.8418 9.8426 9.8433 9.8441 9.8449 9.8457 9.8464 9.8472 9.8480 9.8487 9.8495 | 45 


45 | 9.8495 


Log cosines (read up) 


* From W. D. Cockrell, “Industrial Electronics Handbook,” MeGraw-Hill Book 
Company, New York, 1958. 


Note: Рог cosines use right-hand column of degrees and lower line of tenths. 


Log sines (read down) 


0.8° .9° Avg. 
Ж... diff. 
9.8495 | 45 | 8 
45 | 9.8495 9.8502 9.8510 9.8517 9.8525 9.8532 9.8540 9.8547 9.8555 9.8562 9.8569| 44 | 7 
46 | 9,8569 9.8577 9.8584 9.8591 9.8598 9.8606 9.8613 9.8620 9.8627 9.8634 9.8641 | 43 | 7 
47 9.8641 9.8648 9.8655 9.8662 9.8669 9.8676 9.8683 9.8690 9.8697 9.8704 9.8711 42 7 
48 9.8711 9.8718 9.8724 9.8731 9.8738 9.8745 9.8751 9.8758 9.8765 9.8771 9.8778 41 7 
49 | 9.8778 9.8784 9.8791 9.8797 9.8804 9.8811 9.8817 9.8823 9.8830 9.8836 9.883 40 | 6 
Ш. 50 | 9.8843 9.8849 9.8855 9.8862 9.8868 9.8874 9.8880 9.8887 9.8893 9.8899 9.805 | 39 | ὁ 
51 | 9.8905 9.8911 9.8917 9.8923 9.8929 9.8935 9.8941 9.8947 9.8953 9.8959 9.8965 38 | ὁ 
52 | 9,8065 9.8971 9.8977 9.8983 9.8989 9.8995 9.9000 9.9006 9.9012 9.9018 9.9024 37 | ὁ 
53 | 9.9024 9.9029 9.9035 9.9041 9.9046 9.9052 9.9057 9.9063 9.9069 9,9074 9.9080 | 36 | 6 
54 | 9,9080 9.9085 9.9091 9.9096 9.9101 9.9107 9.9112 9.9118 9.9123 9.9128 9.9134 | 35 | 5 
55 | 9.9134 9.9139 9.9144 9.9149 9.9155 9.9160 9.9165 9.9170 9.9175 9.9181 9.9186 | 34 | 5 
56 9.9186 9.9191 9.9196 9.9201 9.9206 9.9211 9.9216 9.9221 9.9226 9.9231 9.9236 БЫ 5 
57 | 9.9236 9.9241 9.9246 9.9251 9.9255 9.9260 9.9265 9.9270 9.9275 9.9279 9.9284 | 32 | 5 
58 | 9.9284 9.9289 9 9204 9.9298 9.9303 9.9308 9.9312 9.9317 9.9322 9.9326 9.9331] 31 | 5 
59 9.9331 9.9335 9.9340 9.9344 9.9349 9.9353 9.9358 9.9362 9.9367 9.9371 9.9375 30 4 
во | 9.9375 9.9380 9.9384 9.9388 9.9393 9.9397 9.9401 9.9406 9.9410 9.9414 9,9418 | 29 | 4 
61 9.9418 9.9422 9.9427 9.9431 9.9435 9.9439 9.9443 9.9447 9.9451 9.9455 9.9459 28 4 
62 | 9,9459 9.9463 9.9467 9.9471 9.9475 9.9479 9.9483 9.9487 9.9491 9.9495 9.9499 | 27 | 4 
63 9.9499 9.9503 9.9506 9.9510 9.9514 9.9518 9.9522 9.9525 9.9529 9.9533 9.9537 26 4 
64 | 9.9537 9.9540 9.9544 9.9548 9.9551 9.9555 9.9558 9.9562 9.9566 9.9569 9.9573 | 25 | 3 
65 | 9.9573 9.9576 9.9580 9.9583 9.9587 9.9590 9.9594 9.9597 9.9601 9.9604 9.9607 | 24 | 3 
66 | 9.9607 9.9611 9.9614 9.9617 9.9621 9.9624 9.9627 9.9631 9.9634 9.9637 9.9640 | 23 | 3 
67 | 9,9640 9.9643 9.9647 9.9650 9.9653 9.9656 9.9659 9.9662 9.9666 9.9669 9.9672| 22 | 3 
68 | 9,9672 9.9675 9.9678 9.9681 9.9684 9.9687 9.9690 9.9693 9.9696 9.9699 99702) 21 | 3 
69 | 9.9702 9.9704 9.9707 9.9710 9.9713 9.9716 9.9719 9.9722 9,9724 9.9727 9.9730 | 20 | 3 
70 | 9.9730 9.9733 9.9735 9.9738 9.9741 9.9744 9.9746 9.9749 9.9751 9.9754 9.9757 | 19 | 3 
71 9.9757 9.9759 9.9762 9.9764 9.9767 9.9770 9.9772 9.9775 9.9777 9,9780 9.9782 18 Я 
72 | 9.9782 9.9785 9.9787 9.9789 9.9792 9.9794 9.9797 9.9799 9.9801 9.9804 9.9806 | 17 | 2 
73 | 9.9806 9.9808 9.9811 9.9813 9.9815 9.9817 9.9820 9.9822 9.9824 9.9826 9.9828 | 16 | 2 
74 | 9,0828 9.9831 9.9833 9.9835 9.9837 9.9839 9.9841 9.9843 9.9845 9.9847 9.9849 | 15 | 2 
75 | 9.9849 9.9851 9.9853 9.9855 9.9857 9.9859 9.9861 9.9863 9.9865 9.9867 9.9869 | 14 | 2 
76 | 9.9869 9.9871 9.9873 9.9875 9.9876 9.9878 9.9880 9.9882 9.9884 9.9885 9.9887 | 13 | 2 
т | 9,9887 9.9889 9.9891 9.9892 9.9894 9.9896 9.9897 9.9899 9.9901 9.9902 9.9904| 12 | 2 
78 | 929904 9.9906 9.9907 9.9909 9.9910 9.9912 9.9913 9.9915 9.9916 9.9918 9,990 N | 2 
79 9.9920 9.9921 9.9922 9.9924 9.9925 9.9927 9.9928 9.9929 9.9931 9.9932 9.9934 10 1 
во | 9.9934 9.9935 9.9936 9.9937 9.9939 9.9940 9.9941 9.9943 9.9944 9.9945 9.9946 9 | | 
Bi | 929946 9.9947 9.9049 9.9950 9.9951 9.9952 9.9953 9.9954 9.9955 9.9956 9.9958| 8 | | 
82 9.9958 9.9959 9.9960 9.9961 9.9962 9.9963 9.9964 9.9965 9.9966 9.9967 9.9968 7 1 
83 9.9968 9.9968 9.9969 9.9970 9.997! 9.9972 9.9973 9.9974 9.9975 9.9975 9.9976 6 1 
B4 | 99070 9.9977 9.9978 9.9978 9.9979 9.9980 9.9981 9.9981 9.9982 9.9983 9.9983 5 | | 
85 9.9983 9.9984 9.9985 9.9985 9.9986 9.9987 9.9987 9.9988 9.9988 9.9989 9.9989 4 1 
86 9.9989 9.9990 9.9990 9.9991 9.9991 9.9992 9.9992 9.9993 9.9993 9.9994 9.9994 3 1 
ΒΕ | 929994 9.9994 9.9995 9.9995 9.9996 9.9996 9.9996 9.9996 9.9997 99997 9.9997 | 2 
Bá | 99007 9.9998 9.9998 9.9998 9.9998 9.9999 9.9999 9.9999 9.0909 9.9999 9.9999 | | 
89 | 929999 9.9999 10.0000 10.0000 10.0000 10.0000 10.0000 10.0000 10.0000 10-0000 10.0000 0 
90 10.0000 
o9 08 07° 0.67 ΟΕ | AYE 
if. 


Log cosines (гез up) 
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Table 2-5. 


Logarithms of tangents and cotangents* 


Note: For cotangents use right-hand column of degrees and lower line of tenths. 


Log tangents (read down) 


Deg | 00° 0.1° 0.2° 0.3 0.4 0.5° 06° 07 ов 09» E 
ο 90 
ΓΙ ΠΡ 7.2419 7.5429 7.7190 7.8439 7.9409 8.0200 8.0870 8.1450 8.1962 8.2419| 89 
1 | 8.2419 8.2833 8.3211 8.3559 8.3881 8.4181 8.4461 8.4725 8.4973 8.5208 8.5431 | 88 
2 | 8.5431 8.5643 8.5845 8.6038 8.6223 8.6401 8.6571 8.6736 8.6894 8.7046 8.7194 | 87 
3 | 8.7194 8.7337 8.7475 8.7609 8.7739 8.7865 8.7988 8.8107 8.8223 8.8336 8.8446 | 86 
4 | 8.8446 8.8554 8.8659 8.8762 8.8862 8.8960 8.9056 8.9150 8.9241 8.9331 8.9420 | 85 
5 | 8.9420 8.9506 8.9591 8.9674 8.9756 8.9836 8.9915 8.9992 9.0068 9.0143 9.0216 | 84 
6 | 9.0216 9.0289 9.0360 9.0430 9.0499 9.0567 9.0633 9.0699 9.0764 9.0828 9.0891 | 83 
7 | 9.0891 9.0954 9.1015 9.1076 9.1135 9.1194 9.1252 9.1310 9.1367 9.1423 9.1478 | 82 
8 | 9.1478 9.1533 9.1587 9.1640 9.1693 9.1745 9.1797 9.1848 9.1898 9.1948 9.1997 | 81 
9 | 9.1997 9.2046 9.2094 9.2142 9.2189 9.2236 9.2282 9.2328 9.2374 9.2419 9.2463 | 80 
10 | 9.2463 9.2507 9.2551 9.2594 9.2537 9.2680 9.2722 9.2764 9.2805 9.2846 9.2887 | 79 | 44 
11 | 9.2887 9.2927 9.2967 9.3006 9.3046 9.3085 9.3123 9.3162 9.3200 9.3237 9.3275 | 78 | 39 
12 | 9.3275 9.3312 9.3349 9.3385 9.3422 9.3458 9.3493 9.3529 9.3564 9.3599 9.3634 | 77 | 35 
13 | 9.3634 9.3668 9.3702 9.3736 9.3770 9.3804 9.3837 9.3870 9.3903 9.3935 9.3968 | 76 | 33 
14 9.3968 9.4000 9.4032 9.4064 9.4095 9.4127 9.4158 9.4189 9.4220 9.4250 9.4281 75 31 
15 | 9.4281 9.4311 9.4341 9.4371 9.4400 9.4430 9.4459 9.4488 9.4517 9.4546 9.4575 | 74 | 29 
16 | 9.4575 9.4603 9.4632 9.4660 9.4688 9.4716 9.4744 9.4771 9.4799 9.4826 9.4853 | 73 | 28 
17 | 9.4853 9.4880 9.4907 9.4934 9.4961 9.4987 9.5014 9.5040 9.5066 9.5092 9.5118 | 72 | 26 
18 | 9.5118 9.5143 9.5169 9.5195 9.5220 9.5245 9.5270 9.5295 9.5320 9.5345 9.5370 | 71 | 25 
19 | 9.5370 9.5394 9.5419 9.5443 9.5467 9.5491 9.5516 9.5539 9.5563 9.5587 95611 70 | 24 
20 | 9.5611 9.5634 9.5658 9.5681 9.5704 9.5727 9.5750 9.5773 9.5796 9.5819 9.5842 | 69 | 23 
21 | 9.5842 9.5864 9.5887 9.5909 9.5932 9.5954 9.5976 9.5998 9.6020 9.6042 9.6064 | 68 | 22 
22 | 9.6064 9.6086 9.6108 9.6129 9.6151 9.6172 9.6194 9.6215 9.6236 9.6257 9.6279 | 67 | 22 
23 | 9.6279 9.6300 9.6321 9.6341 9.6362 9.6383 9.6404 9.6424 9.6445 9.6465 9.6486 | 66 | 21 
24 | 9.6486 9.6506 9.6527 9.6547 9.6567 9.6587 9.6607 9.6627 9.6647 9.6667 9.6687 | 65 | 20 
25 | 9.6687 9.6706 9.6726 9.6746 9.6765 9.6785 9.6804 9.6824 9.6843 9.6863 9.6882 | 64 | 20 
26 | 9.6882 9.6901 9.6920 9.6939 9.6958 9.6977 9.6996 9.7015 9.7034 9.7053 9.7072 | 63 | 19 
27 | 9.7072 9.7090 9.7109 9.7128 9.7146 9.7165 9.7183 9.7202 9.7220 9.7238 9.7257 | 62 | 19 
28 | 9.7257 9.7275 9.7293 9.7311 9.7330 9.7348 9.7366 9.7384 9.7402 9.7420 9.7438 | 61 | 18 
29 | 9.7488 9.7455 9.7473 9.7491 9.7509 9.7526 9.7544 9.7562 9.7579 9.7597 9.7614 | 60 | 18 
30 | 9.7614 9.7632 9.7649 9.7667 9.7684 9.7701 9.7719 9.7736 9.7753 9.7771 9.7788 | 59 | 17 
31 | 9.7788 9.7805 9.7822 9.7839 9.7856 9.7873 9.7890 9.7907 9.7924 9.7941 9.7958 | 58 | 17 
32 | 9.7958 9.7975 9.7992 9.8008 9.8025 9.8042 9.8059 9.8075 9.8092 9.8109 9.8125 | 57 | 17 
33 | 9.8125 9.8142 9.8158 9.8175 9.8191 9.8208 9.8224 9.8241 9.8257 9.8274 9.8290 | 56 | 16 
34 | 9.8290 9.8306 9.8323 9.8339 9.8355 9.8371 9.8388 9.8404 9.8420 9.8436 9.8452 | 55 | 16 
35 | 9.8452 9.8468 9.8484 9.8501 9.8517 9.8533 9.8549 9.8565 9.8581 9.8597 9.8613 | 54 | 16 
36 | 9.8613 9.8629 9.8644 9.8660 9.8676 9.8692 9.8708 9.8724 9.8740 9.8755 9.8771 | 53 | 16 
37 | 9.8771 9.8787 9.8803 9.8818 9.8834 9.8850 9.8865 9.8881 9.8897 9.8912 9.8928 | 52 | 16 
38 | 9.8928 9.8944 9.8959 9.8975 9.8990 9.9006 9.9022 9.9037 9.9053 9.9068 9.9084 | 51 | 16 
39 | 9.9084 9.9099 9.9115 9.9130 9.9146 9.9161 9.9176 9.9192 9.9207 9.9223 9.9238 | 50 | 15 
40 | 9.9238 9.9254 9.9269 9.9284 9.9300 9.9315 9.9330 9.9346 9.9361 9.9376 9.9392 | 49 | 15 k 
41 19.9392 9.9407 9.9422 9.9438 9.9453 9.9468 9.9483 9.9499 9.9514 9.9529 9.9544 | 48 | 15 
42 | 9.9544 9.9560 9.9575 9.9590 9.9605 9.9621 9.9636 9.9651 9.9666 9.9681 9.9697| 47 | 15 
43 | 9.9697 9.9712 9.9727 9.9742 9.9757 9.9772 9.9788 9.9803 9.9818 9.9833 9.9848 | 46 | 15 
44 | 9.9848 9.9864 9.9879 9.9894 9.9909 9,9924 9.9939 9.9955 9.9970 9.9985 10.0000 | 45 | 15 Е е 
45 [10.0000 г | 
Avg. 
09° 08° 0.7 0.46’ 05 04’ 03: 02 01° 00 | Deg | dir. 


Company, New York, 1958. 


Log cotangents (read up) 


* From W. D. Cockrell, “Industrial Electronics Handbook," McGraw-Hill Book 1 


ТаЫе 2-5. 


Logarithms of tangents and cotangents (continued) 


Note: For cotangents use right-hand column of degrees and lower line of tenths. 


‘Log tangents (read down) 


Deg | 0.00 0.15 02 03° 04 05° 0.6 07° 08° 09 ave 
if. 
10.0000 | 45 
45 [10.0000 0.0015 0.0030 0.0045 0.0061 0.0076 0.0091 0.0106 0.0121 0.0136 0.0152 | 44 15 
46 | 0.0152 0.0167 0.0182 0.0197 0.0212 0.0228 0.0243 0.0258 0.0273 0.0288 0.0303 | 43 15 
47 | 0.0303. 0.0319 0.0334 0.0349 0.0364 0.0379 0.0395 0.0410 0.0425 0.0440 0.0456 | 42 | 15 
48 | 0.0456 0.0471 0.0486 0.0501 0.0517 0.0532 0.0547 0.0562 0.0578 0.0593 0.0608 | 41 15 
49 | 0.0608 0.0624 0.0639 0.0654 0.0670 0.0685 0.0700 0.0716 0.0731 0.0746 0.0762 | 40 15 
50 | 0.0762 0.0777 0.0793 0.0808 0.0824 0. 0839 0.0854 0.0870 0.0885 0.0901 0.0916 | 39 15 
51 | 0.0916 0.0932 0.0947 0.0963 0.0978 0.0994 0.1010 0.1025 0.1041 0.1056 0.1072 | 38 16 
52 | 0.1072 0.1088 0.1103 0.1119 0.1135 0.1150 0.1166 0.1182 0.1197 0.1213 0.1229 | 37 16 
53 | 0.1229 0.1245 0.1260 0.1276 0.1292 0.1308 0.1324 0.1340 0.1356 0.1371 0.1387 | 36 16 
54 | 0.1387 0.1403 0.1419 0.1435 0.1451 0.1467 0.1483 0.1499 0.1516 0.1532 0.1548 | 35 16 
55 | 0.1548 0.1564 0.1580 0.1596 0.1612 0.1629 0.1645 0.1661 0.1677 0.1694 0,1710 | 34 16 
56 | 0.1710 0.1726 0.1743 0. 1759 0.1776 0.1792 0.1809 0.1825 0.1842 0.1858 0.1875 | 33 16 
57 | 0.1875 0.1891 0.1908 0. 1925 0.1941 0.1958 0.1975 0.1992 0.2008 0.2025 0.2042 | 32 17 
58 | 0.2042 0.2059 0.2076 0.2093 0.2110 0.2127 0.2144 0.2161 0.2178 0.2195 0.2212 31 17 
59 | 0.2212 0.2229 0.2247 0.2264 0.2281 0.2299 0.2316 0.2333 0.2351 0.2368 0.2386 | 30 17 
60 | 0.2386 0.2403 0.2421 0.2438 0.2456 0.2474 0.2491 0.2509 0.2527 0.2545 0.2562 | 29 18 
él | 0.2562 0.2580 0.2598 0. 2616 0.2634 0.2652 0.2670 0.2689 0.2707 0.2725 0.2743 | 28 18 
62 | 0.2743 0.2762 0.2780 0.2798 0.2817 0.2835 0.2854 0.2872 0.2891 0.2910 0.2928 | 27 18 
63 | 0.2928 0.2947 0.2966 0.2985 0.3004 0.3023 0.3042 0.3061 0.3080 0.3099 0.3118 | 26 19 
64 | 0.3118 0.3137 0.3157 0.3176 0.3196 0.3215 0.3235 0.3254 0.3274 0.3294 0.3313 | 25 20 
65 | 0.3313 0.3333 0.3353 0.3373 0.3393 0.3413 0.3433 0.3453 0.3474 0.3494 0.3514 24 20 
66 | 0.3514 0.3535 0.3555 0.3576 0.3596 0.3617 0.3638 0.3659 0.3679 0.3700 0.3720 | 23 21 
67 | 0.3721 0.3743 0.3764 0.3785 0.3806 0.3828 0.3849 0.3871 0.3892 0.3914 0.3936 | 22 21 
68 | 0.3936 0.3958 0.3980 0.4002 0.4024 0.4046 0.4068 0.4091 0.4113 0.4136 0.4158 | 21 22 
69 | 0.4158 0.4181 0.4204 0.4227 0.4250 0.4273 0.4296 0.4319 0.4342 0.4366 0.4389 | 20 23 
70 | 0.4389 0.4413 0.4437 0.4461 0,4484 0.4509 0.4533 0.4557 0.4581 0.4606 0.4630 | 19 24 
7) | 024630 0.4655 0.4680 0.4705 0.4730 0.4755 0.4780 0.4805 0.4831 0.4857 0.4882 18 | 25 
72 | 0.4882 0.4908 0.4934 0.4960 0.4986 0.5013 0.5039 0.5066 0.5092 0.5120 0.5147 | 17 26 
73 | 0.5147 0.5174 0.5201 0.5229 0.5256 0.5284 0.5312 0.5340 0.5368 0.5397 0.5425 | 16 28 
74 | 0.5425 0.5454 0.5483 0.5512 0.5541 0.5570 0.5600 0.5629 0.5659 0.5689 0.5719 | 15 30 
75 | 0.5719 0.5750 0.5780 0.5811 0.5842 0.5873 0.5905 0.5936 0.5968 0.6000 0.6032 | 14 32 
76 | 0.6032 0.6065 0.6097 0.6130 0.6163 0.6196 0.6230 0.6264 0.6298 0.6332 0.6366 | 13 34 
76 | 0.6366 0.6401 0.6436 0.6471 0.6507 0.6542 0.6578 0.6615 0.6651 0.6688 0.6725 12 | 36 
78 | 026725 0.6763 0.6800 0.6838 0.6877 0.6915 0.6954 0.6994 0.7033 0.7073 0.713) и | 39 
79 | 0.7113 0.7154 0.7195 0.7236 0.7278 0.7320 0.7363 0.7406 0.7449 0.7493 0.7537 | 10 43 
во | 0.7537 0.7581 0.7626 0.7672 0.7718 0.7764 0.7811 0.7858 0.7906 0.7954 0.8003 | 9 
81 0.8003 0.8052 0.8102 0.8152 0.8203 0.8255 0.8307 0.8360 0.8413 0.8467 0.8522 8 
82 | 0.8522 0.8577 0.8633 0.8690 0.8748 0.8806 0.8865 0.8924 0.8985 0.9046 0.9109 7 
82 | 09109 0.9172 0.9236 0.9301 0.9366 0.9433 0.9501 0.9570 0.9640 0.9711 0.9784 | ὁ 
84 | 0.9784 0.9857 0.9932 1.0008 1.0085 1.0164 1.0244 1.0326 1.0409 1.0494 1.0580 8 
as | 1.0580 1.0669 1.0759 1.0850 1.0944 1.1040 1.1138 1.1288 1.1341 1.1446 1.1554] 4 
86 1.1554 1.1664 1.1777 1.1893 1.2012 1.2135 1.2261 1.2391 1.2525 1.263 1.2806 3 
87 | 1.2806 1.2953 1.3106 1.3264 1.3428 1.3599 1.3777 1.3961 1.4155 1.4357 1.4569 2 
88 |.1.4569 1.4792 1.5027 1.5275 1.5539 1.5819 1.6119 1.6441 1.6788 1.7166 1.7581 1 
89 | 1.7581 1.8038 1.8550 1.9130 1.9800 2.0591 2.1561 2.2810 2.4571 2.7581 © 0 
90 = 
oge 0,8 07° 0.6 05 0.4 03° 02 01’ 0.0 | Deg А 
iff. 
Log cotangents (read up) 
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Table 3-1. 


Five-place common logarithms of numbers} 


100-155 
4] 5 еј 7] 8 51 Proportional parte 
130 | 173 | 217 | 260 | 303 | 346 | 389 
561 | 604| 647 | 689 | 732| 775| 817 
988 | “030 | “072 | “115 | “157 | “199 | “242 “им 
ИЕШЕ ЕЕЕ ТЕ Ἡ 
91 5 ὍΡΟΙ 2 5:8 8.6 8.4 
243 | 284 | 325 | 366 | 408 | 449 | 490 |3| 13.2 12.0 12.6 
653 | 694 | 735 | 776| 816 | 857 | 898 |4| 17.6 17.2 16.8 
“060 | “100 | *141 | *181 | “222 | “262 | “302 |5 | 22.0 21.5 21.0 
ΙΙ ан 
Ш 102 8|35.2 34.4 33.6 
110 | 04| 139 | 179 | 218| 258| 297| 336| 376| 415| 454| 493 [9139.6 38.7 37.8 
ЦИ 532| 571] 610) 650| 689 | 727| 766| 805| 844| 883 
112 922| 96] | 999 | *038 | “077 | *115 | “154 | “192 | “231 | “269 
113 | 05 | 308 | 346 | 385| 423| 461| 500| 538| 576| 614| 652 w d gà 
114 690 | 729| 767| 805| 843| 881| 318| 956| 994 | “032 iA 95 3% 
115 | 061 070 | 108| 145| 183| 221| 258| 296| 333| 371| 408|2| 82 80 78 
116 446 | 483| 521| 558 | 595 | 633| 670| 707| 744| 781 |3 [12.3 12.0 11.7 
17 819 | 856 | 893 | 930 | 967 | “004 | *041 | *078 | *115 | “151 |4 | 16.4 16.0 15.6 
118 | 07 | 188 | 225| 262 | 298 | 335 | 372| 408 | 445 | 482 | 518 |5 | 20.5 20.0 19.5 
19 555 | 591 | 628 | 664 | 700 | 737 | 773 | 809 | 846 | 882 |6 | 24.6 24.0 23.4 
7 | 28.7 28.0 27.3 
120 918 | 954 | 990 | “027 | “063 | “099 | *135 | *171 | “207 | “243 |8 | 32.8 32.0 31.2 
121 | 08 | 279 | 314] 350 | 386 | 422) 458| 493| 529| 565| 600 |9 | 36.9 36.0 35.1 
122 636 | 672 | 707 | 743 | 778 | 814 | 849 | 884 | 920 | 955 
123 991 | *026 | *061 | “096 | “132 | “167 | “202 | “237 | “272 | “307 
124 | 09 | 342 | 377 | 412| 447| 482| 517| 552| 587| 621| 656 Жош ЭЁ 
125 691 | 726 | 760| 795 | 830 | 864| 899| 934| 968 | *003 | Г 3.8 3.7 3.6 
126 | 10 | 037 | 072 | 106 | 140 | 175| 209 | 243| 278 | 312| 346|2| 76 74 72 
127 380 | 415 | 449 | 483 | 517| 551 | 585| 619 | 653 | 687|3| 11.4 111 10.8 
128 721 | 755 | 789 | 823 | 857 | 890| 924 | 958 | 992 | *025 |4 | 15.2 14.8 14.i 
129 и | 059| 093| 126 | 160| 193| 227| 261 | 294 | 327| 361 |5 | 19.0 18.5 18.0 
6 | 22.8 22.2 21.6 
130 394 | 428 | 461 | 494 | 528 | 561 | 594 | 628 | 661 | 694|7 | 28.6 25.9 25.2 
131 727 | 760 | 793 | 826 | 860 | 893 | 926 | 959 992| *024|8|304 20.0 28.8 
132 | 12 | 057 | 090] 123| 156 | 189 | 222| 254| 287 | 320 | 353 9|342 33.3 32.4 
133 385 | 418| 450 483| 516| 548| 581| 613| 646| 678 
134 70| 743| 775| 808| 840 | 872| 905| 937| 969 | “001 
135 | 13 | 033 | 066] 098 | 130| 162| 194| 226| 258| 290| 322| 35 34 88 
136 354 | 386| 418| 450| 481| 513| 545| 577| 609| 640 1[ 3.8 3.4 33 
137 672 | 704| 735| 767| 799 | 830| 862| 893| 925| 956|2| 70 68 6.6 
138 988 | *019 | “051 | *082 | “114 | *145 | “176 | “208 | “239 | «270 |3 | 105 102 9.9 
139 | 14 | 301 333 364 395 426 457 489 520 551 582 |4 | 14.0 13.0 13.2 
5 | 17.5 17.0 16.5 
140 613 | 644 | 675 | 706 | 737 | 768 | 799 | 829 | 860 | 891 |6 |210 20.4 19.8 
141 922 | 953 | 983 | *014 | “045 | “076 | *106 | *137 | “168 | “198 |7 | 24.5 23.8 23.1 
142 | 15 | 229 | 29 290) 320| 351| 381 | 412| 442| 473| 503 |8| 280 272 264 
143 534 564 594 625 655 685 715 746 776 806 | 9 | 31.5 30.0 29.7 
144 836 | 866 | 897| 927| 957| 987 | “017 | “047 | “077 | "107 
15 | 16 | 137 | 167| 197| 227| 256| 286| 316| 346| 376] 406 
146 435 | 465| 495| 524| 554| 584| 63 643| 673| 702| 32 31 30 
147 732 | 761| 791| 820] 850| 879| 909| 938| 967| 997|1[з2 31 3.0 
148 | 17 | 026 | 056| 085| 114| 143| 173| 202| 231| 260| 289|2| 64 62 во 
149 319 | 348| 377| 406| 435| 464| 493| 522| 551| 580|3| 96 oa πα 
4 | 12.8 12. ü 
150 609 | 638] 667| 696 | 725| 754| 782| 81| 840| 869 |5 |160 15.5 15.0 
151 898 | 926 | 955 | 984 | “013 | *041 | “070 | “099 | “127 | 156 |6 | 19.2 186 18.0 
152 | 18 | 184 | 213] 29 | 270 | 29| 327 | 355 | 384| 412| 44 7 224 21.7 210 
153 469 | 498 | 526 | 554 | 583 | 61| 639 | 667 | 69 | 724 [в | 25.6 248 24.0 
154 752 | 780 | 808 | 837 | 865 | 893 | 921 | 949 | 977 | *005 |9 | 288 27.9 270 
155 | 19 | 033 | 061) 089] 117 | 145| 173| 201 | 229| 257| 285 
No | L| 0 | 1 21231 4 | 5 | 6 | 7 | 8 | 9 | Proportional parts 


logio v = 0.49715 
logio 2π = 0.79818 


* Indicates change in the first two decimal places. 
{From В. H. Perry, "Engineering Manual," McGraw-Hill Book Company, 


New York, 1959. 
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ТаЫе 3-1. Five-place common logarithms of numbers 


(continucd) 
155-210 
2 'oportional parts 
155 | 19 | 033 | 061 | 089 | 117 | 145| 173| 201| 229 | 257 | 285 
156 312| 340 | 368| 396 | 424| 451| 479 | 507| 535| 562 29 28 
157 590 | 58| 645| 673 | 700| 728| 756| 783 | Bll| 838 [^s = 
158 866 | 893 | 921 | 948 | 976 | *003 | *030 | “058 | *085 | “12! 1| 28 28 
159 | 20 | 140 | 167 | 194] 222| 249 | 276 | 303 | 330| 358| 385| 2| 58 58 
160 412 | 439| 466| 493| 520| 548| 575| 602| 629| 656| 4] 11-8 112 
161 683 | 710| 737| 763| 790| 87| 844| 871| 898| 925| δ! 45 14.0 
162 952 | 978 | “005 | “032 | “059 | “085 | =112 | “139 | "165 | “192| 9| 17.4 16.8 
163 | 21 | 219 | 245 | 272| 299 | 325| 352| 378| 405| 431| 458| 7| 203 19-6 
164 484 | 511 | 537| 564| 590| 57| 643 | 669 | 696| 722| δ| 331 254 
165 748 | 775 | 801 | 827 | 854| 880 | 906 | 932 | 958 | 985 27 26 
166 | 22| 011 | 037 | 063 | 089 | 115| 141 | 168 | 194 | 220 | 246 “эт Ua 
167 272| 298 | 324| 350| 376| 401| 427| 453| 479| 50 1| 21 28 
168 531 | 557 | 583| 608 | 634| 660| 686 | 712| 737| 763| 2| 54 52 
169 789 | 814) 840| 866 | 891| 917| 943| 968| 994 +019 | 1 84 „78 
170 | 23 | 045 | 070; 096 | 121| 147| 172| 198 | 223| 249| 274| 5| 13.5 190 
17! 300! 325 | 350| 376 | 401| 426| 452) 477| 502| 528| 9| 162 158 
ie) ЕЕ 2 «| η 
1 980 | “005 50. 
Ei | 24 | 03 | ogo 108 130] 155] iso) 204| 229 | 24| 29 | 9 243 294 
25 
175 304 | 329 | 353 | 378 | 403| 428| 452| 477 502 | 527 
176 3a | 36 | gor | 65] esol ὁπ] 69 724) ὯΔ 773 A ES 
177 797 | 822| 846 | 871 | 895 | 920| 944 969| 993 | *018 | 89 
178 | 25 | 042 | 066 | 091 | 115 | 139| 164 | 188| 212| 237| 261 S| „Та 
179 285 | 310| 334| 358 | 382| 406| 431| 455| 479| 503 5] 1510 
180 527 | 551| 575 | 600| 624] 648| 672| 696 | 720| 744 HET 
18! 768 | 792| 816| 840 | 864| 888 | 912 | 935 339 | 38 1 HS 
182 | 26 | 007 | 031 | 055| 079 | 102| 126 | 150| 174 | 198 | 221 s| 200 
183 245 | 169 | 293 | 316 | 340 | 364 | 387 | 41! | 435 | 458 9125 
184 482| 505 | 529| 553| 576| 600| 623 | 647| 670| 694 24 
185 717 | 741 | 764 | 788 | вип | 834 | 858 | 881 | 9 928 Ч 
186 951 | 975 | 998 | “021 | “045 | “068 | “091 | *114 E “161 2 M 
187 | 27 | 184 | 207 | 231 | 254| 277 | 300| 323| 346 | 370| 393 ΤΙ ms 
188 416 | 439 | 462| 485 | 508| 531 | 554| 577| 600| 623 s| 88 
189 646 | 669 | 692| 715 | 738 | 761 | 784 | 807 | 830| 853 δ 120 
190 875 | 898 | 921 | 944 | 967 | 990 | “012 | “035 | “058 | “ов! T | 16.8 
191 | 28 | 103 | 126| 149| 172| 194| 217| 240| 262| 285| 308 s| p: 
192 330 | 353 | 375 | 398 | 421| 443| 466| 488] 511 | 533 IA 5155 
193 556 | 578| 601 | 623| 646| 668| 691| 713| 735| 758 23 
194 780 | 803| 825| 847| 870| 892| 914| 937| 959| 98! әз 
195 | 29 | 003 | 026 | 048 | 070 | 092| 115 | 137| 159 | 181 | 203 2| 44 
196 226 | 248 | 270 | 292 | 314| 336 | 358 | 380 | 403 | 425 3| 6.9 
197 447 | 469 | 491 | 513 | 535 | 557 | 579 | 601 | 623 | 645 &| Ва 
198 667 | 688 | 710 | 732| 754| 776 | 798 | 820 | 842 | 863 5 | 11:5 
199 885 | 907 | 929 | 951 | 973 | 994 | “016 | “038 | “060 | *081 2 ΠΗ 
зо | 103 | 125] 146| 168| 190| 211 | 233| 255| 276 | 298 dp 
20 320 | 341 | 363 | 384| 406) 428 | 449 | 471 | 492| 514 9.1 20.7 
202 535 | 557 | 578 | 600| 621 | 643 | 664| 685 | 707 728 22 
203 750 | 771 | 792| 814 | 835 | 856| 878| 899 | 920 942 — 
204 963 | 984 | *006 | “027 | “048 | *069 | *091 | *112 | “133 | “154 i| 34 
"| 175 | 197 | 218| 239| 260| 281| 302| 323 | 345 | 366 3| 68 
КА 31) 367 | 408 | 429| 450| 471 | 492| 53| 534| 555| 576 *| 848 
207 597 | 618 | 639 | 660 | 681 | 702) 723 | 744 | 765 | 785 5; | 1440 
208 806 | 827 | 848 | 869 | 890| 91 | 931 | 952 | 973 | 994 Si 183 
209 | 32 | 015 | 035 | 056 | 077| 098) 118) 139 160| 181 | 201 i TA 
210 222 | 243 | 263| 284| 305| 325) 346) 366 | 387 | 408 ы 
No. 0 2 | 3 | 4 | 3 | 6 | 7 | 8 | 9 | Proportional parts 
1 
logio = 
Ею 7 
loj ES 
вло p» 


* Indicates change in the first two decimal places. 


logio 
9.50286 — 1 
9.20182 — 1 
73 


logio 


Table 3-1. Five-place common logarithms of numbers 


(continued) 
210-265 
Χο. 0 1 2 3 | 6 T] $T 5 Proportional parts 
210 | 32 | 222 243 263 284 305 325 346 | 366 | 387 408 
211 428 449 469 490 511 531 552 572| 593 613 
212 634 654 675 | 695 715 736 | 756 | 777 797 818 
213 838 858 879 899 919 940 | 960 | 980 | “001 | “021 
214 | 33 | 041 062 | 082 102 122 143 163 183 | 203 224 
244 | 264| 284 | 304| 325| 345 | 365 385] 405| 425 
26 445 | 465 | 486 | 506 | 526 | 546 | 566| 586 626 1 
217 646 | 666 | 686 | 706 | 726| 746 | 766 | 786 806| 8% 2 
218 846 | 866 | 885 | 905 | 925| 945| 965 | 985 | «005 | “025 
219 | 34 | 044 | 064 | 084 | 104| 124 | 143 | 163| 183 | 203 | 223 4 
242 | 262| 282| зот | 321 | 341| 361 | зво | 400| 420 5 
2 439 | 459| 479 | 398| ΠΕΙ 537| 557| 577 | 396) oto 1 
22 $33 | $25 | 869 | 89| 908| 928] $42 | ги | oe | Qm 9 
223 | |830| 850 869 | вв 986 | *005 
224 | 35 |025| 044 | 064| 083, 102) 122| 14 | 160| 180| 199 
225 28| 238] 257 276| 295 | 315| 334] 353] 372 | 392 
ТИЕ ЕЕ НЕЕ НЕ 
ay 603 | 633| 832| esr вој веј 308 920 | 2 | 22 
228 334 | «003 | +021 | *040 | *059 | «078 | *097 | не | «135 | 43 
229 984 | “003 | *021 | "040 | “Ὁ 0 1 1 15 1 
2 
πι m w m m š 
5 еа ЕЕЕ ЕЕ ЕЕ И 1 
773 791 
23 735 | Gao | 959 | 977 296 | +014 | «035 | +051 | 070 | -088 3 
8 
ии » 
236 ЭИ 74] эп | 530| 548| 566| 585) 603| бе | 39 
В) 45 | e94| 22| 734 | 749| %7| δὲ 803 | 52 
235 840 | 858 | 876 | 894 | 912 | 931 | 949 | 967 | 985 | “003 
24 | ΑΙ ТЕЧЕ 
241 202) 399 | 47| 435 453| 471 | 489 | .507 | 525| 543 1 
242 282) 59 | 596| 614| 632| 650 | 668| 686 | 703 | 721 2 
2 368 | | 775| 792| вој 828| 846 | 863 | В| 89o 8 
Ὁ | 987 | "005 | *023 | +041 | +058 | “07 5 
2 ША 934| 333| tae | 164| 182| 193| "ан | s | “908 5 
246 | 39 | 094 287 305 322 340 358 375 393 410 428 7 
247 270 | 285) 480 | 498 | 515) 533 | 550] 568 | 585| 602 8 
28 ΔΙ] $83 655| 672| 690| 707| 724| 742| 759| 777 9 
46 | 863 | вві | вв| 915 | 033 | 9 
20 74 | SL | ад | +019 | 037 | +084 | +071 | +088 | “100 | «153 
251 967 | 9597 | ‘175 | 192 | 209 | 226 | 143 | 261| 278 | 295 
252 | 40 | 140 | 135| 346 | 364 | 381| 398 | 415 | 432| 449| 466 
23 312) 50| 518| 535| 552| 569| 586| 603| 620| 637 
1 
722| 739 | 756| 773| 790 | во 
255 654 | ΕΙ ΝΗ 9| 9%| 28| 290 976 5 
256 824 | ΔΩ | *027 | *044 | *061 | *078 | *095 | *111 | «128 | “145 1 
29: | a | 723.1 W9| 196| 212| 229| 246| 263| 280| 296 | 313 5 
20 162 | 347 | 364 | 380 | 397| 414 | 430| 447 | 464 | 481 ° 
564 | 581 | 597| 614 | 631 | 647 
2 2 i o БА 231| 292 | 204 | 980 | А S Š 
261 664 | oe | 863 | 880 | 896 | 913 | 929 | 946 | 963 | 979 
262 830 | +012 | 029 | “045 | “062 | *078 | “095 | «111 | “127 | +144 
2 42 | 160 | 177, 193 | 210| 226| 243| 259 | 275 | 292! 308 
341 | 357| 374| 390 | 406 | 423| 439] 456 472 
45 25 2 3 4 5 6 7 8 9 Proportional 
πο ГТ 8 | 9 | Proportional parts 
logio т 0.49715 


logi 2r = 0.79818 


* Indicates change in the first two decimal places. 
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Table 3-1. Five-place common logarithms of numbers 


(continued) 
265-320 

о.|1,[ 0 2 3 3 Σ 6 7 8 9 Proportional parts 
265 | 42 | 325 | 341 | 357 | 374| 390| 406 423 | 439 | 456 | 472 
266 488 | 504 | 521 | 537 | 553| 570| 586 | 602| 619| 635 
267 651 | 667 | 684 | 700 | 716 | 732 | 749 | 765 | 781 | 797 
268 813 | 830 | 846 | 862 | 878 | 894 | 911| 927 | 943 | 959 
269 975 | 991 | “008 | “024 | *040 | *056 | “072 | “088 | “104 | *120 
270 | 43 | 136 | 152| 169 | 185| 201 | 217 | 233 | 249 | 265 | 281 
271 297 | 313| 329| 345| 361 | 377| 393| 409 | 425 441 1 
272 457 | 473 | 489 | 505 | 521 | 537 | 553 | 569 | 584! 600 2 
273 616 | 632| 648| 664| 680 | 696 | 712| 727| 743 | 759 3 
274 775 | 791 | 807 | 823 | 838 | 854 | 870 886 | 902 917 A 
275 933 | 949| 965| 981 | 996 | *012 | *028 | *044 | *059 | “075 ја 
276 | 44 | 091 | 107 | 122| 138| 154| 170| 185 | 201| 217| 232 1 
277 248 | 264| 279| 295| 311 | 326 | 342| 358 | 373 | 389 8 
278 404 | 420| 436| 451| 467| 483| 498| 514| 529| 545 9 
279 560 | 576 | 592 | 607| 623 | 638 | 654| 669 | 685 | 700 
280 716 | 731 | 747 | 762 | 778 | 793 | 809 | 824 | 840 | 855 
281 871 | 886 | 902| 917 | 932 | 948 | 963 | 979 | 994 "010 
282 | 45 | 025 | 040 | 056 | 071 | 086 | 102| 117| 133 | 148 | 163 
283 179 | 194 | 209 | 225| 240 | 255 | 271 | 286 | 301 | 317 
284 332 | 347 | 362| 378 | 393 | 408 | 423 | 439 | 454| 469 1 
285 484 | soo| 515 | 530| 545| 561 | 576 | 591 | 606 | 621 : 

637 | 652| 667| 682| 697 | 712| 728| 743 | 758 | 773 4 
287 788 | 803 | 818 | 834| 849 879 | 894 | 909 | 924 5 
288 939 | 954 | 969 | 984 | “000 | “015 | “030 | “045 | "060 | “075 6 
289 | 46 | 090 | 105 | 120| 135| 150| 1 180 | 195| 210 | 225 7 
290 240 | 255 | 270| 285| 300| 315 | 330 | 345 | 359 | 374 5 
291 389 419 | 434 | 449 | 464 | 479| 494 | 509| 523 
292 538 | 553 | 568 | 583 | 598 | 613 | 627 | 642 | 657 | 672 
293 687 | 702| 76| 731| 746 | 761 | 776 | 790| 805 | 820 
294 835 | 850 | 864| 879 | 894 | 909 | 923 | 938 | 953 | 967 
295 982 | 997 | “012 | “026 | *041 | *056 | *070 | “085 | "100 | “115 Е 
296 | 47 | 129 | 144] 159 | -173 | 188| 202) 217 | 232| 246 | 261 d 
297 276 | 290| 305 | 319 | 334| 349| 363 | 378| 392| 407 i[ 15 
298 422 | 436| 451 | 465| 480| 494| 509| 524| 538| 553 2| 3.0 
299 567 | 582| 596| 61| 625 | 640 | 654 | 669 | 683 | 698 3| 45 
300 712| 727 | 741 | 756 | 770 | 784 | 799| 813| 828 | 842 5| 7.5 
301 857 | 871 | 886 | 900| 914| 929 | 943 | 958 | 972 | 986 6| 9.0 
302 | 48 | 001 | 015| 029 | 043| 058| 073 | 087) 101) 116 130 7 | 10.5 
303 144 | 159] 173| 187| 202| 216 | 230| 245 | 259| 273 8 | 12.0 
304 287 | 302| 316 | 330| 344 | 359 | 373| 387| 402| 416 9 | 13-5 
305 430| 44 458 | 473| 487| 501| 515] 530| 544 | 558 
306 572 | 586| 601| 615| 629| 643 | 657| 671 | 686 | 700 
307 714 | 728| 742| 756| 770| 785| 799 | 813 | 827 | 841 
308 855 | 869 | 883 | 897| 911 | 926| 9 954 | 968 | 982 
309 996 | “010 | “024 | “038 | “052 | “066 | “080 | “094 | “108 | “122 

1 
310 | 49 | 136 | 150| 164] 178| 192| 206 | 220 | 234) 248 262 2 
311 276 | 200 | 304| 318 | 332| 346| 360| 374| 388| 402 3 
312 415 | 429 | 443| 457| 471| 485| 499| 513| 527| 541 4 
НЕ 554 | 568| 582| 596| 610| 624| 638] 651 665| 679 5 
314 93 | 707| 721 | 734| 748| 762| 776 790, 803| 817 6 
7 

315 831 | 845 | 859 | 872| 886| 9 914 | 927 | 941 | 955 8 
316 969 | 982 | 996 | *010 | “024 | “037 | “051 | “065 | “079 | "092 9 
315 | 5о|106| 120] 133] 147) 161| 174| 188) 202| 25| 229 
318 243 | 256| 270| 284| 297| 311| 325| 338 | 352) 365 
319 379 | 393 | 406 | 420| 433| 447| 461) 474| 488 | 501 

515 | 529| 542| 556| 569 | 583 | 596 | 610 | 623 | 637 

3 4 5 5 | 7 8 | 9 | Proportional parts 


* Indicates change in the first two decimal places. 
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9.50286 — 1 
9.20182 — 1 
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logio 


Table 3-1. Five-place common logarithms of numbers 


(continued) 
320-375 
Мо. | L | 0 T 2 3 j 4 5 6 7 8 9 | Proportional parta 
320 | 50 | 315 | 529 | 542 | 556 | 569 | 583 | 596 | 610 | 623 | 637 
321 651 | 664| 678 | 691) 705| 718| 732| 745 | 759| 772 
322 786 | 799 | 813| 826 | 840 | 853 | 86 893 | 907 
323 920 | 934 | 947 | 961 | 974 | 987 | +001 | *014 | «028 | +041 
324 | 51 | 055 | 068 | δι | 095) 108| 121| 135 | 148 | 162| 175 
325 188 | 202| 215| 228 | 242 | 255 | 268 | 282 | 295 | зов 
326 322 | 335 | 348 | 362 | 375| 388 | 402| 415| 428| 441 
327 45 481 | 495 | 508 | 521| 534 | 548| 56] | 574 
328 587 | 601 | 64| 627| 640| 654| 667| 680| 693 | 706 
329 220 | 733 | 746 | 759 | 772| 786 | 79| 812| 825 | 838 i 
330 851 | 865 | 878| вот | 904| 917 | 930 | 943 | 957| 970 š 
331 983 | 996 | *009 | *022 | “035 | *048 | “61 | “075 | “088 | +101 š 
332|52|114| 127] 140| 153| 166| 19| 192 | 205 | 28) 231 4 
333 244 | 257| 271 | 284| 297| 310| 323| 336 | 349| 362 Š 
334 375 | 388 401| 414| 427| 440 | 453| 466| 479 | 492 3 
35 504 | 57| 530| 543 556] 569 | 582| 595| вов | 621 В 
336 634 | 647 673 | 6% | 69| 71 | 724| 737| 750 
337 763 | 776 | 789 | 802| 815 | 827 853 879 
338 892 | 905 | 917 | 930| 943 | 956 | 969 | 982| 994 | “007 
339 | 53 | 020 | 033 | 046 | 058| 071 | 084) 097| 110| 122| 135 
340 148 | 161 | 12 199 | 212| 224| 237 | 250 | 263 
341 275 | 288 | 301| 314 | 326 | 339 | 352| 365| 377| 3 
342 203 | 415| 428 | аа | 453| %6| 479| 491 517 
343 529 | 542| 555| 567| 580| 593| 605 | 618| 631 643 
344 ése | 668 | 681 | 694| 706| 719| 732 | 744| 752 | 769 is 
795 | 807 | воо | 832| 845 | 857| 870 | 883| 895 ΠΚΕ 
3⁄4 358 | 920 | 933 | 945 | 958| 970 | 93 | 995 | +008 | -020 2| 26 
346 | 54| 033 | 045 | 058| 070 | 083 | 095 | 108 | 120 | 133 | 145 3| зо 
348 188 | 170 | 183| 195| 208 220 233) 245| 258| 270 1| 52 
349 283| 295| 307| 320| 332| 345 | 357| 370 | 382| 394 5| 93 
419 | 432| 444| 456| 469| 481| 494| 506] 518 7| ол 
351 407 33 555| 568 | 580| 593| 605| 617) 20| 642 8 | 10.4 
352 234 | ο 1 679] 691 | 704| 716| 728| 741| 753| 765 9 | пл 
353 635 | 790 | 802| 814] 827| 839 | 851 | 854 | 876| B 
354 913 | 925| 937 | 949 | 962| 974| 986| 998 +01 
047 | 060 | 072| 084 | 096 | 108 | 121 | 133 
355 | 55 |02 | 933| 1Φ| 182| 194| 206 218| 230| 242| 233 
357 567 | 29| 291 | 303| 315 | 328 | 340 | 352 | 364 | 376 
207 388 413 | 425| 437| 449| 461| 473 | 485 497 
359 209 | 332) 534| 546| 558| 570| 582| 594| 606 618 
642 | 654| 666] 678| 691| 703| 715 | 727 |` 739 
361 $30 | $831 375| 787| 79| ви | 823| 85| 847| 859 1 
362 571 | 883 | 895 | 907| οἱ | 93 | 943 | 955 | 967 | 979 H 
363 $41 | *003 | “015 | *027 | "038 | “050 | 062 | “074 | “086 | «098 š 
36 | s6 | fio | 122| 134| 146| 158| 170| 182| 194 | 205 27 1 
5 
"| 253 | 265] 277| 289| 300 | 313] 324 | 336 
265 228 | 292 | 364 | 396| 407| 49| 41| 18 | ase $ 
367 467 | 478 502| 514 | 526| 538| 549 | 5611 523 š 
368 362 | $97 | 608 | 620 | 632 | 644 | 656] 667 | 679 | 691 H 
369 209 | zi4| 726 | 738 | 750 | 760 | 773 | 785 | 797 808 
2| 84 | 855 | 867 | 879| вот | 902| 914 | 926 
310 820 | S48 | 961 | 972| 984| 996 | *008 | +019 | +031 | -043 
37 |; | 934 | 066 | 078| 089 | Ίο | 113) 124| 136| 148 | 159 
373 054 | 09] 194] 206| 217| 229| 241| 252| 264| 2% 
374 1}| 399| 310| 322| 334| 345| 357| 368| 380| 392 
375 доз | 415 | 426 | 438] 449| 461 |_473 | 484 | 496 | 507 
melo гт у 5 “1 зЈ| еј 71 8 | 9 | Proportional parts 


logi т = 0.49715 
= 0.79818 


5 
R 
5 

ко 
3 
\ 


* Indicates change in the first two decimal places. 


76 


шш 


= 
- 


A 


= 
-- 


Table 3-1. Five-place common logarithms of numbers 


1 


(continued) 
375—430 
№. SEK 2 3 4 5 6 7 8 | 9 | Proportional parts - 
375 | 57 | 403 | 415 | 426 | 438 | 449 | 461 | 473 | 484 | 496 | 507 
376 519 | 530 | 542| 553 | 565| 577 | 588| 600| ӨП) 623 
377 634 | 646 | 657| 669| 680 | 692| 703| 715 | 726| 738 
378 749 | 761 | 772| 784 | 795| 807| 818| 830| 841 | 852 
379 864 | 875 | 887| 898 | 910| 921 | 933| 944| 956| 967 
380 978 | 990 | “001 | *013 | “024 | “035 | “047 | *058 | "07ο | “ов! 
381 | 58 | 093 | 104| 115| 127] 138| 149] 161| 172 | 184| 195 
382 206 | 218 | 229 | 240 | 252 | 263 | 275 | 286 | 297 | 309 
383 320 | 331 | 343 | 354 | 365 | 377 | 388 | 399 | 411 | 422 
384 433 | 444 | 456 | 467| 478 | 490 | 501 | 512| 524 | 535 
385 546 | 557 | 569 | 580 | 591 | 602 | 614| 625 | 636 | 647 
386 659 | 570 | 681 | 692 | 704 | 715| 726| 737| 749| 760 
387 77! | 782| 794| 805 | 816 | 827 | 838 | 850 | 861 | 872 
388 883, 894 | 906| 917 | 928 | 939 | 950 973 | 984 
389 “006 | “017 | “028 | *040 | “051 | “062 | “073 | *084 | “095 
1 
390 | 59 | 106 | 118 | 129| 140| 151 | 162] 173 | 184 | 195 | 207 2 
391 28| 229| 240| 251| 262| 273| 284| 295| 306| 318 8 
391 329 | 340 | 351 | 362| 373 | 3 395 | 406| 417 | 428 4 
393 439 | 450 | 461 | 472| 483 | 494] 506 | 517 | 528 539 5 
394 550 | 561 | 572| 583 | 594 | 605 | 66| 627 | 638 | 649 6 
7 
395 0| 671| 682| 693 | 704| 715 | 726| 737| 748| 759 8 
Е 770 | 780| 791| 802| 813 | 824| 835| 846 | 857 | 868 9 
397 879 | 890 | 901| 912| 923 | 934 | 945 | 956 | 966 | 977 
398 988 | 999, | “010 | “021 | “032 | “043 | “054 | “065 | «076 | *086 
399 | во | 097 | 1081 19| 130] 141] 152] 163| 173| 184 | 195 
400 206 | 217 | 228 | 239 | 249 | 260 | 271 | 282 | 293 304 
401 314 | 325 | 336 | 347 | 358 | 369 | 379 | 3 401 | 412 
402 423 | 433 | 444| 455 | 466 | 477 | 487| 498 | 509 | 520 
403 531 | 541 | 552| 563 | 574 | 584] 595| 606 | 67| 627 
404 638 | 649 | 660| 670 | 681 | 692| 703| 713 | 724| 735 
405 746 | 756 | 767 | 778 | 788 | 799 | 810 | 821 | 831 | 842 
406 853 | 863 | 874 | 885 | 895 | 906 | 917 | 927 | 938 | 949 
407 959 | 970 | 981 | 991 | “002 | “013 | *023 | "034,| “045 | “055 
408 | 61 | 056 | 077 | 087 | 098 | 109| 119| 130 | 140| 151 | 162 
409 172 | 183 | 194| 204| 215 | 225| 236| 247| 257 | 268 
410 28| 289| 30| 30| 321 | 331 | 342 | 352 | 363 | 374 ie 
411 384 | 395| 405| 416| 426| 437| 448 | 458| 469 | 479 21 29 
412 490 | 50| 511 | 521 | 532 | 542| 553 | 563 | 574 | 584 ОНА 
413 595 | 606| 66| 627| 637 | 648 | 658 | 669 | 679 | 690 ra ees 
414 700 | 711 | 721 | 731 | 742 | 752 | 763 | 773 | 784 | 794 НЕ 
415 805 | 815 | 826 | 836 | 847 | 857 | 868 | 878| 888 | 899 ET 
416 909 | 920 | 930| 941 | 951 | 962 | 972| 982 | 993 | “003 ol ee 
417 | 62 | 014 | 024 | 034 | 045 | 055 | 066 | 076 | 086 | 097 | 107 5 ΣΩ 
418 1!8| 128| 138| 149| 159| 170| 180| 190 | 201 | 211 : 
419 221 | 232| 242| 252| 263 | 273 | 284| 294 | 304| 315 
25 | 335| 346| 356 | 366 | 377 | 387 | 397 | 408| 418 
2 329) 439 | 49 | 49 | 469 500 | 5 | 521 
422 531 | 542| 552| 562| 572| 583 | 593 | 603 | 614| 624 
4 634 655 | 665 | 675 | 685 | 696| 706 | 716 | 726 
424 737 | 747 | 757| 7671 778 | 788 | 798 | 808 | 818 | 829 
839 | 849| 859 | 870 | 880 | 890 910 | 921 | 931 
941 | 951 | 961 | 972| 982| 992 | “002 | “012 | “022 | “033 
043 | 053 | 063 | 073 | 083 | 094 | 104| 114) 124 | 134 
144 | 155 | 165| 175 | 185| 195 | 205 | 215 | 225 | 236 
246 | 256 | 266| 276 | 286 | 296 | 306 | 317 | 327 | 337 
347 | 357 | 367 | 377 | 387 | 397 | 407 | 417 | 428 | 438 
στι ο 5 Ге | 7 | 8 9 | Proportional parts 
1 
logio - 
т 
10 4 
En 2, 


* Indicates change in the first two decimal places. 


logio 
9.50286 — 1 
9.20182 — 1 


77 


logio 


Table 3-1. Five-place common logarithms of numbers 


(continued) 
430-485 
№. LJO 1 2 ЕЈ 4 ЕЭШ ШЕ ЭШ BES: 1 8 9] Proportional 
330 | 63 | 347 | 357 | 367 | 377 | 387 | 397 | 407 | 417 | 328 436 — = 
431 448| 458| 468 | 478| 488| 498| 508! 518| 528 | 538 
432 548 | 558] 568| 579| 589| 599| 609] 619| 62| 639 
433 649 | 639 | 669 | 679 | 69| 699| 709| 719| 72 | 739 
434 749 | 259 | 769 | 779 | 769 | 799| 809] 819| 829| 839 
435 849| 859 | вво | 879 | ввэ | 899 | 909| 919 | 929 | 9 
En 949 | 959| 969 | 979 | 988 | 998 | +008 | *OIB | *028 | -038 
36 |64 | 048] 058] oss| 078| oss| 098] 108 | 118) 128| 137 
438 147 | 157 | 167| 177| 187| 197| 207 | 217| 227| 237 
339 246 | 256| 266| 276| 286| 296| 306| 316| 326| 335 
345| 355| 365| 375| 385| 395| 404 | 414| 424 
p 38 | 424| 164 | 473| 483| 43 | 503| 53| 53 за 
442 342| 552| 562| 572| 582| 591] éo | 6п | бә | 65i 
18 540 | 6501 660 | 670) 680 | 689 | 699 | 709| 719 | 729 
444 98| 748] 758| 768| 777| 787| 797| 807| 86 | 826 10 
1| 1.0 
836 | s46| 856 | 865 | 875 | 885 | 895 | 904 | 94| 9 2| z: 
и $35 | 98| 953| 963| 972| 982 | 992 “02| +01 | «oat 3 | $0 
446 | es | 051 | 0401 050 | 060) 070) 079 | 089 | 099 | 108) ΠΒ 4 | со 
448 028 | 137| 147| 157| 167| 176| 186| 1%| 205| 215 5 | 50 
H 225 244 | 254| 263| 23| 283| 292| 302| 312 6 | во 
7 | 7.0 
450 за | 331 | за | 350 369 | 379 | 389 | 398| aos 8 | 8:0 
427 | 437 | 447 | 456 | 466 | 475 5 | 49 9 
2 HH 582 | 562 | 571 ЕС τ 


т = 0.49715 
= 0.79818 


10610 
logio 27 


+ Indicates change in the first two decimal places. 
ni 


78 


1 logio 
Table 3-1. Five-place common logarithms of numbers 
(continued) 
Е Proportional parts 
1 
1 1 
2 
3 
4 
5 
в 
7 
8 
9 
1 
2 
Е 
4 
5 
6 
7 
8 
9 
Proportional parts 
1 
logi = = 9.50286 — 1 
1 
[ 1 Ίοβιο Ὅς 9.20182 -- 1 
"m 
2 


в change in the first two decimal places. 


* Indicate: 
| 19 


Ίοβιο 


Table 3-1. Five-place common logarithms of numbers 


(continued) 
540-595 
0 1 4 | ‘oportional parts 
340 | 73 | 239 247| 255 264| 272 | 280 | 288 | 296 | 304 | 312 
541 320 | 328| 336 | 344 | 352 | 360 | 368 | 376 | 384 | 392 
542 408 | 416 | 424 | 432) 440 | 448 | 456 | 464| 472 
543 480 496 | 504 | 512 | 520 | 528 | 536 | 544 | 552 
544 560 | 568 | 576 | 584 | 592 608 | 616 | 624 | 632 
545 $40 | 648 | 656 | 664 | 672 | 679 | 687 | 695 | 703 | zi 
546 719 | 727 | -735 | 743 | 751 | 759 | 767 | 775 | 783 | 791 
547 799 | 807 | 815 | 823 | 830 | 838 | 846 | 854 | 862 | 870 
548 878 | 886 | 894 | 902 | 910 | 918 926 | 934 | 941 949 
549 957 | 965 | 973 | 981 989 | 997 | “005 | “013 | “020 | *028 1 
550 | 74 | 036 | 044 | 052 | 060 | 068 | 076 | 084 | 092| 099 | 107 š 
551 115] 123| 1301 | 139] 147] 155 | 162| 170| 178| 186 4 
552 194 | 202| 20| 218] 225| 233| 241| 249| 257 | 265 5 
553 273 | 280 | 288 | 296 | 304 | 312| 320 | 327 | 335 | 343 H 
554 351 | 359| 367| 374| 382| 390| 398 414 | 421 7 
555 429 | 437 | 445 | 453 | 461 476 | 484 | 492 | 500 H 
556 507 | 515 | 523| 531 | 539 | 547| 554| 562| 570| 578 
557 586 | 593 | 601 9 | 617 | 624| 632 | 640 | 648 | 656 
558 663 | 671 | 679 | 687 | 695! 702| 710| 718 | 726 | 733 
559 741 749 | 757 | 764 | 772 | 780 | 788 | 796 | 803 | 81 1 
560 819 | 827 | 834 | 842 | 850 | 858 | 865 | 873 | вві | вво 
561 896 | 904 | 912 | 920 | 927 | 935 | 943 | 950 | 958 | 9 
562 974 | 981 989 | 997 | “005 | “012 | “020 | “028 | “035 “043 
563 | 75 | 051 059 | 066 | 074| 082 | 089 | 097 105 113 120 
564 128 136 143 151 159 166 174 182 189 197 8 
565 205 | 213| 220| 228| 236 | 243 | 251| 259| 266 | 274 110.8 
566 282 | 289 | 297| 305| 312| 320| 328 | 335 | 343 | 351 2 | 1.6 
7 358 | 366 | 374 | 381 | 389 | 397 | 404 | 412| 420 | 427 3 | 2.4 
568 435 | 442| 450] 458| 465| 473| 481| 488 | 496] 504 4 | 3.2 
569 511 | 59| 526 | 534 | 542 | 549 | 557 | 565 | 572 | 5 5 ad 
570 587 | 595 | 603| 610) 618| 626] 633| 641 | 648 | 656 7 | 5.6 
571 664 | 671 | 679 | 686 | 694| 702| 709| 717| 724| 732 8|64 
572 740 | 747] 755| 762 | 770| 778 | 785 | 793 808 917.2 
573 815 | 823 | 831 | 838 | 846 | 853 1| 868 | 876 | 884 
574 891 | 899 | 906 | 914 | 921 | 929 | 937 | 944| 952| 959 
575 067 | 974 | 982] 989 | 997 | “005 | +012 | *020 | +027 | «93 
276 | 76 |042| 050 | 057 | 065 | 072 | 080] 087 | oss| Wd Ti 
577 HS| 125| 133] ΙΔ] 148| 155] 163| пој 08| 100 
578 193 200] 208] 215| 223| 230| 238] 5 245 260 
579 268 | 275 | 283| 290) 25 305| 313| 320| 323 335 
580 343 | 350| 358 | 365 | 373 | зво | 388 | 39 
581 418 | 425| 433| 440| 448| 4551 40 ὃς КА 48 1 
582 422) 300] 507| 515 | 522] 530] 537] 30| 225 559 2 
583 567 574| 582 589 | 597 | 604 | 612 619 | 626 | 634 3 
584 641 649 | 656 | 664 | 671 678 | 686 | 693 | 701 708 4 
585 716 | 723 | 730 | 738 745 | 753 | 760 | 768 7 H 
586 790 | 797 | 805| 812| 8 19 | 827 | 834 | 842 a КА H 
587 8 871 | 879 | 886 | 893 | 901| 908| 96 | ὃ 930 8 
588 938 | 945 | 953 | 960 | 967 975 | 982 | 989 | 997 | «004 9 
589 | 77 | 012 | 019 | 026 | 034| 041 048 | 056 | 063 | 070 | 078 
590 085 | 093 100 107 115 122 129 137 144 151 
591 159 | 166 | 173 | 181 | 188 | 195 | 203 | 20| 28| 225 
592 232| 240 | 247 | 254| 262| 269 | 276| 283 | 291 | 2% 
593 305 | 313 | 320 | 327 | 335 | 342 | 349 | 357 | 364 | 371 
594 379 | 386 | 393 | 401 | 408| 415 | 422| 430 | 437 | 444 
595 452 | 459 | 466 | 474 | 481 | 488 | 495 | 503 | 50| 517 


№. | L| 0 1 1 3 4 5 6 т 8 9 Proportional parts 
О Ll Proportional parts | 


Ίοριοπ = 0.49715 
105 2r = 0.79818 


* Indicates change in the first two decimal places. 


1 logio 
ый, Table 3-1. Five-place common logarithms of numbers 


(continued) 
595-650 

No. | b | 9 T 2 3 4 5 [NE ЛЕШЕ! 9 ‘Proportional parts 
595 | 77 | 452 | 459 466 | 474 | 481 488 | 495 | 503 | 510| 517 
596 525 | 532| 539| 546| 554| 561 | 568| 576 | 583| 590 
597 507 | 605| 612| 619| 627 | 634 | 641 8| 656 | 663 
598 $70 | 677 | 685 | 692| 699| 706 | 714 | 721| 728) 735 
599 743 | 750| 757| 764 | 772| 779 | 786 | 793) 801 | 808 
600 815 | 822| 830| 837| 844 | 851 | 859| 866| 8721 в 
601 887 | 895 | 902, 909 | 916 | 924| 931 | 938 | 945 | 952 
602 960 | 967 | 974| 981 | 989 | 996 | *003 | *010 | "017 | *025 
502 | за | 0321 039 | 046 | 053] 061| 068 | 075 | 082) 089 097 
604 104} ΠΠ] 18| 125] 132] 140| 147] 154 | 160 | 168 
605 176 | 183| 190] 197| 204| 211 | 29| 226 | 233) 240 
606 29| 254| 262| 269| 276 | 283| 290| 297| 305| 312 
607 79] 326 | 333| 340| 347 | 355 | 362| 369| 376 383 
608 390 | 398 405 | 4121 419 | 426| 433] 440| 447| 455 
609 322 | 469| 476 | 483| 490| 497| 505| 512| 519 | 526 ifo 
610 533 | 540 | 547| 554] 561 | 569 | 576 | 583 | 590 597 2 
611 24| 411} ев | 625| 633| 640 | 647| 654) 661 | 668 3 | 2.4 
612 695 | 682 | 689 | 696 | 704 | 711 | 718 | 725 | 732 | 739 4 | 32 
613 | 753 | 760| 767| 774| 781| 789 | 796 | 802] BID 5|40 
614 215 | 824 | 831 | 838| 845 | 852| 859| 866) 873 | 880 sas 
615 888 | 895| 902| 909 | 916| 923 | 930 | 937 | 944] 951 8 | 64 
616 888 | 965 | 972| 979| 986| 993 | “000 | “007 | “014 | *021 917.2 
617 | 79 | 029 036 | 043 | 050 | 057 064 | 071 078 | 085 | 092 
618 939] 1%| na| 120| 127| 134] 4 | М8) 155) 162 
619 169 176 183 190 197 | 204 | 211 218 | 225| 232 
620 29| 246| 253| 260| 267| 274 | 28 | 288 | 29| 302 
621 209 | 316 | 323 | 330 | 337 | 344 | 351 | 358 | 365 | 272 
622 309 | 386] 393 | 400 | 407 | 414 | 421| 428 | 495 442 
6 32) 256) 463| 470| 477 | 484 | 491| 498 205 | 512 
624 413 | 525 | 532| 539 | 546 | 553 | 560 | 567 | 574) 58! 
625 588 | 595] 602| 609| 616 | 623| 630] 637 | 644 651 
626 287) Goa | 671| 678| 685| 692 | 699) 706) 713 | 720 
627 $37 | 734| 74 | 748 | 754| 761 | 768| 775 | 782 789 
628 72 | воз | a| BIZ, 824| 831 | 837 | 844| 85! 858 
629 é| 872| 879| 886 | 893 | 900| 906] 913) 920) 927 
630 934 | 941 | 948 | 955] 962] 969 | 975] 982 989 | 996 if 
631 | во | 003 | 010 | 017 | 024 030 | 037 | 044| 051 | 058) 065 1 | 0.7 
32 072 | 079 | 085| 092| 099| 106) 113 120 | 127 | 134 2 | 1.4 
633 140 | 147] 154! 161| 168 | 175 | 182 | 188 195 | 202 8| 3. 
634 209 | 26| 223| 229 | 236 | 243 | 250| 257 264 | 271 Š aH 
635 277 | 284| 291 | 298 | 305| 312| 318 | 225 332 | 339 8 [2:3 
636 346 | 353 | 359 | 366 | 373 | 380 | 387 | 393 407 1 | 49 
637 346| 421 | 428| 434 | 441 | 448 | 455| 462| 468 | 975 8 | 5.6 
638 4151 48ο | 496| 502| 509| 516 | 523| 530 | 536 59 916.3 
639 $82) 557 | 564| 570 | 577 | 584 | 591 | 598 | 604 | 61 1 
640 вв 625| 632| 638 | 645| 652| 659 | 665 | 672 679 
641 618 | 63| 699| 706 | 713 | 720 | 726 | 733 | 740 747 
642 636 760 | 767 | 774 | 781| 787 | 794 вот | 808 814 
643 ὮΙ] 818) 835 | 841 | 848 | 855 | 862 | 868) 875 882 
644 Bal | 895 | 902| 909 | 916 | 922| 929 | 936 | 943 949 

956 | 963 | 969 | 976 | 983 | 990 | 996 | “003 | "00 “017 
оо ви 10] озо | 037 | 043 | 050) 057 | 064 | 070 077 | 084 
647 023 | 097 | 104 | 11| 17| 124) 191] 137) 1Η 151 
648 020 | al 171] 178] 184] 191) 198 | 20% | 20 218 
649 PA 11 | 238| 25| 251 | 258| 265 | 27 278| 285 
650 291 | 298) 305) 311] 318 | 325 | 331 | 338 345 | 35 
No L| 0 1 2 3 4 5 6 7 8 9 | Proportional parts 


loge 1 = 9.50286 — 1 


1 
logi z- = 9.20182 — 1 


* Indicates change in the first two decimal places. 


81 


logio 


Table 3-1. Five-place common logarithms of numbers 


(continued) 
650-705 

Elu ЕЕ ЕЕС To qos cup р TE "Proportional parta 
650 | 81 | 291 | 298 | 305 | 311 | 318 | 325 | 331 | 338 | 345 | 351 

651 358 | 365 | 371 | 378 | 385 | 391| 398 | 405| 11 | 418 

652 4 431 | 438 | 445| 451 | 458 5 | 471 | 478 | 485 

653 491 | 498 | 505 | 51| 518 | 5 531 | 538 | 544 | 551 

558 | 564| 571 | 578 | 584 | 591 | 598 | 604| 61| 618 

655 624 | 631 | 637 | 644 | 651 | 657 671 | 677 | 684 

656 690 | 697| 704 | 710| 717 | 723 | 730 | 737 | 743 | 750 

657 757 | 763 | 770 | 776 | 783 | 790 | 796 | 803 | 809| 816 

658 823 | 8 836 | 842 | 849 | 856 | 862 | 869 | 875 | 882 

659 889 | 895 | 902| 908 | 915 | 921 | 928 | 935 | 941 | 948 

660 954 | 961 | 968 | 974 | 981 | 987 | 994 | *000 | *007 | *014 

661 | 82 | 020 | 027 | 033 | 040 | 046 | 053 | 060 | 066 | 073 | 079 

662 086 | 092 | 099] 105| 112| 119] 125| 132| 138 | 145 

663 151 | 158] 164 | 171| 178 | 184] 191| 197 | 204 | 210 7 
64 217 | 223 | 230| 236| 243| 250| 256| 263| 269| 2% Ке 
665 282 | 289| 295| 302] 308| 315 | 321| 328| 334] 341 2 | 14 
666 347 | 354 367 | 374 | 380 | 387 | 393 | 400 | 406 3 | 2.1 
7 413 | 419| 426] 432| 439 | 445| 452] 458| 465| 471 4| 2.8 
668 478 | 484 | 491 | 497 | 504| 510| 517| 523 | 530 | 536 5 | 3.5 
669 543 | 549 | 556 | 562| 569 | 575 | 582| 588 | 595 | 601 AA 
670 607 | 614 | 620| 627| 633| 640| 646| 653| 659 8 | 5.6 
671 672 | 679 | 685 | 692 | 698 | 705| 71| 718| 724| 730 916.3 
672 737 | 743 | 750 | 756 | 763 | 769 | 776 | 782| 789 | 795 

673 802 | 808 | 814 | 821 | 827 | 834 840 | 847 | 853 

674 866 | 872 | 879 | 885 | 892 | 898 | 905 | οἱ | 918| 924 

675 930 | 937 | 943 | 950 | 956 | 963 | 969 | 975 | 9 988 

676 995 | “001 | “008 | *014 | “020 | “027 | “033 | “040 | “046 | “052 

677 | 83 | 059 | 065 | 072| 078 | 085 | 091 | 097] 104] 10| 117 

678 123 | 129 | 136 | 142 | 149 | 155 | 161 | 168| 174 | 181 

679 187 | 193| 200 | 206 | 23| 219 | 225 | 232| 238 | 245 

680 251 | 257 | 264 | 270 | 276 | 283 | 289 | 29% | 302 | 308 

681 315 | 321 | 327 | 334 | 340 | 347 | 353 | 359 | 366 | 372 

682 378 | 385 | 391 | 398 | 404 | 410| 417 | 423| 429 | 436 

683 442 | 448 | 455 | 461 | 468 | 474 | 4 487 | 493 | 499 

684 506 | 512| 518 | 525 | 531| 537 | 544| 550 | 556 | 563 

685 569 | 575 | 582 | 588 | 594 | 601 | 607| 63| 620| 626 

686 632 | 639 | 645 | 651 | 658 | 664 | 670 | 677| 683 | 689 1 
687 696 | 702 | 708 | 715| 721 | 727 | 734 | 740 | 746 | 753 2 
688 759 | 765 | 771 | 778 | 784 | 790 | 797 803 | 809 | 816 8 
689 822 | 828 | 835 | 841 | 847 | 853 | 860 | 866 | 872| 879 5 
690 885 | 891 | 898 | 904 | 910 | 916 | 923 | 929 | 935 | 942 6 

691 948 | 954 | 960| 967 | 973 | 979| 986 | 992 | 998 *004 7 
692 | 84 | 011 | 017 | 023 | 029 | 036 | 042| 048 | 055 | 061 | 067 8 

693 073 | 080 | 086 | 092 | 098 | 105| 111 | 07] 123 | 130 9 

694 136 | 142| 148 | 155| 161] 167 | 173| 180 | 186 | 192 

695 198 | 205 | 211| 217| 223 | 230 | 236 | 242| 248 | 25 

696 261 | 267 | 273 | 280 | 286 | 292 | 298 | 305 | 311| 317 

697 323 | 330 | 336 | 342 | 348 | 354 | 361 | 367 | 373 | 379 

698 386 | 392 | 398 | 404 | 410| 417 | 423 | 429 | 435 | 442 

699 448 | 454 | 460 | 466 | 473 | 479 | 485 | 491 | 497 | 504 

700 510 | 516 | 522| 528 | 535 | 541 | 547 | 553 | 559 | 566 

701 572 | 578 | 584 | 590 | 597 | 603 | 609 | 615 | 621 | 628 

702 634 | 640 | 646 | 652| 658 | 665 | 671 | 677 | 683 | 689 

703 696 | 702 | 708 | 714| 720 | 726 | 733 | 739 | 745 | 751 

704 757 | 763 | 770 | 776 | 782 | 788 | 794 | 800 | 807 | 813 

705 819 | 825 | 831 | 837 | 844 | 850 | 856 | 862 | 868 | 874 


No | L 0 1 2 3 4 5 6 7 8 9 Proportional paris -. 

D 1 L LYopurGonsi paris ” 
logio т = 0.49715 
logio 2т = 0.79818 


* Indicates change in the first two decimal places. 


82 


1 logio 
Table 3-1. Five-place common logarithms of numbers 
(continued) 
705-760 
117707172063 3343 $ T 7 J 8 ] 9 | Proportional parts 
825 | 831 | 837 | 844 | 850 | 856 862 | 868| 874 
во | 887 | 893| 899 | 905| 911 | 917 | 924 | 930| 936 
948| 954| 960| 967| 973| 979 | 985 | 991 | 997 
009 | 016| 022| 028| 034| 040 | 046 | 052| 059 
071 | 077 | 083 | 089 | 095 | 101 | 107| 114) 120 
132| 138 | 144 | 150] 156 | 163] геј 175 | 181 
193| 199 | 205| 21 | 217| 224| 230| 236 | 242 
254| 260| 266| 272| 278| 285 | 291| 297| 303 
315 | 321| 327| 333| 339 | 345| 352| 358| 364 
376 | 382| 388| 394| 400| 406| 412| 418| 325 
437 | 43| 449 | 455| 461| 467| 473| 479| 485 
497 | 5031 50| 516| 522| 528| 534| 540| 546 
558 | 564| 570| 576| 582| 588| 594 | 600| 606 
618 | 625| 631 | 637| 643| 649| 655| 661 | 667 
679 | 685| 691| 697| 703| 709| 715 | 721 | 727 
739 | 745| 751| 157] 763| 769 | 775 | 781| 788 
воо | 806 | 812| 818| 824| 830| 836| 842| 848 
860 | 866 | 872| 878| 884 | 890 | 896 | 902 | 908 
920 | 926 | 932| 938 | 944 | 950 | 956 | 962 | 968 
980 | 986 | 992 | 998 | “004 | *010 | “016 | “022 | “028 
040 | 046 | 052| 058 | 064 | 070 | 076 | 082 | 088 
100 | 106} 12| 118) 124] 130] 136 | 141| 147 
159 | 165 | 171| 177 | 183 | 189 | 195 | 201 | 207 
29| 215) 231| 237| 243 | 249] 255 | 261 | 267 
279 | 285 | 291 | 297 | 303 | 308 | 314 | 320 | 326 
338 | 344| 350 | 356 | 362| 368 | 374 | 380 | 386 1 
398 | 404| 40| 4i6| 421| 427| 433 | 439 | 445 2 
457 | 463 | 469 | 475 | 481 | 487] 493 | 499 | 504 3 
516 | 522| 528 | 534 | 540| 546 | 552 | 558 | 564 4 
576 | 581 | 587 | 593| 399| 605| 611 | 617) 623 A 
635 | 641 | 646 | 652| 658 | 664| 670 | 676 | 682 z 
694 | 700| 705| 71| 717| 723| 729 | 735 | 741 8 
753 | 759| 764| 770| 776 | 782| 788) 794 9 
812| 817 | 823 | 829 | 835 | 841 | 847| 853 | 859 
870 | 876 | 882 894 | 900 | 906 | 91 | 917 
929 | 935 | 941 | 947 | 953 | 958 | 964 | 970 | 976 
988 | 994 | 999 | *005 | *011 | *017 | “023 | “029 | *035 
046 | 052| 058| 064 | 070 | 075 | 081 | 087 | 093 
105 | ΠΙ] пеј 122| 128 | 134 146 | 151 
163 | 169| 175| 181| 186| 192| 198 | 204| 210 
221| 227 | 233 | 239 | 245 | 251 | 256 | 262| 268 
280 | 286 | 291 | 297 | 303 | 309 | 315 | 320 326 
338 | 344 | 350 | 355 | 361 | 367 | 373 | 379 | 384 
396 | 402] 408| 43| 419| 425| 41| 437| 442 
454 | 460 | 466| 471 | 477| 483| 489 | 495 500 
52| 518] 523| 529 | 535 | 541 | 547 | 552 | 558 
370 | 576 | 581 | 587 | 593 | 599 | 604 | 610 | 616 
628 | 633 | 639 | 645 | 651 | 656 | 662 | 668 | 674 
685 | 691 | 697| 703 | 708| 714 | 720 | 726 | 731 
743 | 749 | 754| 760 | 766 | 772 | 777 | 783 | 789 
вов | 812| вів | 823 | 829 | 835 | 841 | 846 
858 | 864 | 869 | 875 | 881 | 887 | 892 | 898 | 904 
915 | 921 | 927| 933 | 938 | 944 | 950 | 955 961 
973 | 978 | 984 | 990 | 996 | ὍΘΙ | “007 | “013 | “018 
030 | 036 | 041 | 047 | 053 | 059 | 064 | 070 | 076 
087 | 093| 099 | 104] 10| 116 |. 121 | 127| 133 
1 2 3 4 5 6 7 8 9 | Proportional parts 
1 у 
logio E 9.50286 — 1 
= 9.20182 — 1 


loi + 
F Έπος. 


* Indicates change in the first two decimal places. 


10810 


Table 3-1. Five-place common logarithms of numbers 


(continued) 
760-815 
Wo.) ΠΠ T 2 Ξ 4 5 6 7 8 9 Proportional parts” 
760 | 88 | 081 | 087 | 093 | 099 | 104 | 110 | пеј 11| 127 | 133 
761 138 | 144 | 150] 156 | 161] 167 | 173] 178| 184] 190 
762 196 | 201| 207| 213| 218| 224| 230 | 235| 241 | 247 
763 252| 258| 264| 270| 275| 281| 287| 292| 298| 304 
7 315 | 321 | 326 | 332 | 338 | 343] 349 | 355 
765 372 | 378 | 383 | зво | 395 412 | 417 в 
7 423 | 429 | 434| 440 | 446| 451 | 457| 463 | 468| 474 η 
767 480 | 485 | 491 | 497| 502| 508| 514| 519] 525| 530 ER 
7 536 | 542| 547 | 553| 559 | 564| 570 | 576 587 1 
769 593 | 598 | 604| 610] 615 | 621 | 627| 632| 638| 643 LIES 
770 649 | 655 | вво | 666| 672 | 677| ваз | 689 | 694 | 700 HIE, 
71 705| 71| 77| 722| 728| 734 | 739 | 745 | 750 | 756 τ δ 
772 762 | 767 | 773| 779| 784| 790 | 795| 801 | 807| 812 AG: 
773 вів | 824| 829| 835 | 840 | 846 | 852 | 857 | 863 H 
7A 874 885 | 891 | 897 | 902| 908 | 913| 919 | 925 915. 
775 930 | 936 | 941 | 947 | 953 | 958 | 964 | 969 | 975 | 981 
776 986 | 992 | 997 | *003 | *009 | *014 | *020 | *025 | *031 | +037 
777 | вә | 042 | 048 | 053 | 059 | 064 | 070 | 076 | OBl| 087| 092 
778 098 | 104| 10| 115] 120| 126| 131| 137] 13! 148 
779 154 | 159| 165| 170] 176 | 182| 187| 193| 198| 204 
780 20 | 215 | га | 226 | 232 | 237 | 20 | 248 | 254 | 260 
781 265 | 271 | 276 | 282) 287| 293 | 298 | 304] 310| 315 
782 321 | 326 | 332 | 337 | 343 | 348 | 354 | 360 | 365 | 37 
783 376 | 382 | 387 | 393 | 398 409 | 415 | 421 | 426 
784 432 437| 443| 448| 454| 459 | 465 | 470| 476| 481 2 
785 487 | 493 | 498 | 504 | 509 | 515 | 520 | 526 | 531] 537 1 Го. 
786 542 | 548 | 553 | 559 | 564] 570 | 575 | 581 | 586 | 592 2110 
787 597 | 603 614 | 620 | 625 | 631| 636| 642| 647 3| 15 
788 653 | 658 | 664 | 669 | 675 | 680 | 686 | 691 | 697 | 702 4| 20 
789 708 | 73| 79| 724 | 730| 735 | 741| 746 | 752 | 752 5 | 2.5 
6 | 3.0 
763 | 768 | 774 | 779 | 785 | 790 | 796 во | 807 | 812 7 | 3.5 
79 818 | 823 | 829 | 834 | 840 | 845 | 851 | 856 | 862 | 867 8 | 40 
792 873 | 878 | 883 | 889 | 894 | 900 | 905 | οἱ! | 96| 922 914.5 
793 927 | 933 | 938 | 944| 949 | 955| 960| 96 | 971 | 922 
794 982 | 988 | 993 | 998 | *004 | «009 | *015 | “020 | «026 | «021 
90 | 037 | 042 | 048 | 053 | 059 | 064 | 069 | 075 | 080 | o 
18 097 | 102 | 108 | 113] 19| 124| 129] 135 | 7 
797 146 | 151| 157] 162| 168 | 173 | 179| 184 19| 199 
798 200 | 206 | 21| 217 | 222| 227 | 233 | 238 | 244| 2% 
799 255 | 260| 266 | 271| 276 | 282| 287| 293| 298 | 304 
309 | 314] 320 | 325 | 331 | 336 | 342 | 347 | 352] 3 
801 363 | 369| 374| 380 | 385 | 390| 3% | 401| 2071 225 
802 417 | 423 434 | 439 | 445| 450| 455| 461 
803 472 | 477 | 482| 488| 493| 49| 504| 50| 55) 266 
804 526 | 531 | 536 | 542 | 547 | 553 | 558 | 563| 369 | 220 
во | 585 | 590 | 59% | 601 | 607 | 62| em | en 
EUR a | 659 | ὅ | 650 | 65 | 660 ση | бр | 888 
Ὃ 687 | 693 | 698 | 704| 709 | 714| 720 | 725 | 730| $82 
КИ 541 | 747 | 752| 757 | 763| 768| 773| 779 | 784 | 226 
809 795 | 800 | 806| 811| 816 | 822 | 827 | 832 | 838| 383 
o | 854 | 859] 865 | вло | 875 | вві | 886 | во 
800 $02 | 907 | 913 | 918| 924| 929) 934 | 940 | Sas] 897 
E 956 | 961| 966 | 972| 977 | 982| 988 | 993 | 998 | «od 
812 | οι | 009 | 04 | 020 | 025 | 030 | 036 | 041 | 046 | 052] рм 
814 062 | 068 | 073 | 078 | 084 | 089 | O94 | 100 | 1051 027 
815 116 | 121 | 126 | 132) 137 | 142) 148 | 153 | 158 | 164 
1815. A κ E E = 
ιν". 1 2 t M08 173 T Penis pans 
от = 0.49715 
2r = 0.79818 


* Indicates change in the first two decimal places. 


"ы P = 


⁄ 


eu 
и 


Table 3-1. Five-place common logarithms of numbers 
(continued) 
815-870 
o. z 4 5 6 Proportional parts 
815 | 91 | H6 | 121 | 126 | 132| 137| 142| 1 153 | 158 | 164 
816 169 | 174 | 180 | 185 | 190| 196 | 201| 206| 212] 217 
817 222 | 228 | 233 | 238 | 243 | 249 | 254 | 259 | 265 270 
818 275 | 281 286 | 291 | 297 | 302 | 307 | 312 | 318 | 323 
819 328 | 334 | 339 | 344 | 350 | 355 | 360 | 365 | 371 | 376 
820 381 | 387 | 392 | 397 | 403 | 408 | 413 | 418 | 424 | 429 
821 434 | 440 | 445 | 450 | 455 | 461| 465 | 471 | 477 | 482 
822 487 | 492 | 498 | 503 | 508 | 514| 519 | 524| 529 | 535 
823 540 | 545 | 551 | 556 | 561 | 566 | 572 | 577 | 582 | 587 
824 593 | 598 | 603 | 609 | 614 | 619 | 624| 630 | 635 | 640 
825 645 | 651 | 656 | 661 | 666 | 672 | 677 | 682 | 687 | 693 
826 698 | 703 | 709 | 714 | 719 | 724 | 730 | 735 | 740 | 745 
827 751 | 756 | 761 | 766 | 772 | 777 | 782 | 787 | 793 | 798 
828 803 | 808 | 814 | 819 | 824 | 829 | 834 | 840 | 845 | 850 
829 855 | 861 | 866 | 871 | 876 | 882 | 887 | 892 | 897 | 903 1 
830 908 | 913 | 918 | 924 | 929 | 934 | 939 | 944 | 950 | 955 A 
831 960 | 965 | 971 | 976 | 981 | 986 | 991] 997 | “002 | “007 4 
832 | 92 | 012 | 018 | 023 | 028| 033 | 038 | 044| 049| 054 | 059 5 
833 065 | 070 | 075 | 080 | 085 | 091| 096 | 101 106 | 11 6 
834 117 | 122] 127 | 132 | 137 | 143| 148 | 153 158 | 163 7 
835 169 | 174] 179 | 184 | 189 | 195| 2001 205| 210| 215 : 
836 221 226 | 231 | 236 | 241 247 | 252| 257 | 262 | 267 
837 273 | 278 | 283| 288 | 293 | 298 304| 309| 314| 319 
838 324 | 330 | 335 | 340 | 345 | 350 | 355 | 361 366 | 371 
839 376 | 381 | 387 | 392 | 397 | 402 | 407 | 412] 48 | 423 
840 428 | 433 | 438 | 443 | 449 | 454| 459 | 464| 469 | 474 
841 480 | 485 | 490 | 495 | 500 | 505 | SII 516 | 521 | 526 
842 531 536 | 542 | 547 | 552] 557 | 562 | 567 | 572 | 578 
843 583 | 588 | 593 | 598 | 603 | 609 | 614] 619 | 624 | 629 
844 634 | 639 | 645 | 650 | 655 | 660 | 665 | 670 | 675 | 681 
845 686 | 691 | 696 | 701 | 706 | 711 | 717 | 722 | 727 | 732 
846 737 | 742 | 747 | 752 | 758 | 763 | 768 | 773 | 778 | 783 
847 788 | 793 | 799 | 804 | 809 | 814 | 819 | 824 | 829 | 834 
848 840 | 845 | 850 | 855 | 860 | 865 | 870 | 875 | 881 886 
849 891 | 896 | 901 | 906 | 911 | 916 | 921 | 927 | 932 | 937 
850 942 | 947 | 952 | 957 | 962 | 967 | 973 | 978 | 983 | 988 
851 993 | 998 | “003 | *008 | “013 | “018 | “024 | *029 | “034 | “039 1 
852 | 93 | 044 | 049 | 054| 059 | 064 | 069 | 075 | 080 | 085 | 090 2 
853 095 | 100| 105| тој 115] 120| 125| 131| 136 | ги Е 
854 146 | 151] 156] 161| 166| 171| 176] 181 | 186| 192 i 
855 197 | 202| 207 | 212| 217 | 222 | 227| 232 | 237 242 H 
856 247 | 252 | 258 | 263 | 268 | 273| 278 | 283| 288| 293 F 
857 298 | 303 | 308 | 313 | 318 | 323 | 328 | 334 | 339 | 344 8 
858 349 | 354 | 359 | 364 | 369 | 374 | 379 | 384 | 389 | 394 9 
859 399 | 404| 409| 414] 420| 425| 430| 435 | 440 | 345 
860 450 | 455 | 460 | 465 | 470 | 475 | 480] 485| 490] 495 
861 500 | 505 | 510 | 515 | 520 | 526 | 531 536 | 541 | 546 
862 551 556 | 561 | 566 | 571 576 | 581 | 586 | 591 | 596 
863 601 | 606 | 61 | 616 | 621 | 626 | 631 | 636 | 641 | 646 
864 651 | 656 | 661 | 666 | 671| 677| 682| 687| 692| 697 
865 702 | 707 | 712 | 717 | 722| 727 | 732| 737 | 742| 747 
866 752 | 757 | 762 | 767 | 772 | 777 | 782 | 787 | 792 | 797 
867 802 | 807 | 812 | 817 | 822 | 827 | 832 | 837 | 842 | 847 
868 852 | 857 | 862 | 867 | 872 | 877 | 882 | 887 | 892 | 897 
869 902 | 907 | 912 | 917 | 922 | 927 | 932 | 937 | 942 | 947 
870 952 | 957 | 962 | 967 | 972 | 977 | 982 | 987 | 992 | 997 
No. | L| 0 CIT 1-2 3 Ге | 7 | 8 Г 9 | Proportional рана 
1 
logio = 
т 
1 
logio >= 


* Indicates change in the first two decimal places. 


logio 

9.50286 — 1 

9.20182 — 1 
85 


10510 


Table 3-1. Five-place common logarithms of numbers 


(continued) 
870-925 

Wo.) Ll) 0 | ! 2 3 Ај 5 1 J ШЕ N 9 Proportional parts 
370 | 93 | 952 | 957 | 962| 967| 972| 977 | 982| 987| 992| 997 
871 | 94 | 002 | 007 | 012 | 017 | 022) 027 | 032| 037| 042| 047 
872 052 | 057 | 062| 067 | 072 | 077 | 082 | 087 | 091 | 096 
873 101 | 106 | ΙΠ| пеј 121| 126 | 130 | 136] 141| 146 
874 151 | 156 | 161] 166 | 171| 176] 181 191 | 196 
875 201 | 206 | 21| 216| 221| 226 | 231 | 236 | 240 | 245 
876 250 | 255 | 260 | 265 | 270 | 275 | 280 | 285 | 290 | 295 
877 300 | 305 | 310| 315 | 320 | 3 330 | 335 | 340 | 345 
878 349 | 354 | 359 | 364 | 369 | 374 | 379 | 384 | 389 | 394 
879 399 | 304 | 409| 414] 419| 424] 4 333 | 438 | 443 
880 448 | 453 | 458 | 463| 468| 473 | 478 | 483| 488 | 493 
881 498 | 503 | 507 | 512| 517 | 522 | 527 | 532 | 537 | 542 
882 547 | 552 | 557 | 562 | 567 | 571 | 576 | 581 | 586 | 591 
883 596 | 601 | 606 | éir | 66| 621 | 626 | 630| 635 | 640 

645 | 650 | 655 | 660 | 665 | 670 | 675 | 680 | 685 | 689 Р 
885 694 | 699 | 704| 709 | 714 | 719 | 724 | 729 | 734 | 738 1[0.5 

743 | 748 | 753 | 758 | 763 | 768 | 773 | 778 | 783 | 787 2 | 1.0 
887 792 | 797 | 802 | 807 | 812 | 817 | 822 | 827 | 832 | 836 3 | 1.6 
888 841 | 846 | 851 | 856 | 861 | 866 | 871 | 876 | 880| 885 4 | 2.0 
889 890 | 895 | 9 905 | 910 | 915| 919 | 924 | 929 | 934 š $5 | 
890 939 | 944 | 949 | 954 | 959 | 963 | 968 | 973 | 978 | 983 7 | 3.5 
891 988 | 993 | 998 | “002 | "007 | “012 | “017 | “022 | «027 | “032 8 | 4.0 
892 | 95 | 036 | 041 | 046 | 051) 056 | 061 | 066 | 071| 075 | 080 91 4.5 
893 085 | 090 | 095 | 100 | 105 14 | 119| 124| 129 
894 134 | 139| 143| 148| 153| 158| 163| 168| 1733| 177 
895 182 | 187| 192| 197| 202| 207| 21| 26| 221| 226 
896 231 | 236 | 240| 245| 250| 255] 260| 265| 270) 274 
897 279 | 284| 289| 294| 299| 303| 308| 313| 318| 323 
898 328 | 332| 337| 342| 347| 352| 357| 361| 366| 371 
899 376 | 381 | 386 | 390 | 395| 400| 405| 410| 415| 419 
900 424 | 429 | 434| 439| 444| 448| 453| 458| 463| 468 
901 472 | 477 | 482| 487| 492| 497| 501| 506] 511 | 516 
902 521 | 525| 530| 535 | 540| 545| 550| 554| 559| 564 
903 569 | 574 | 578| 583| 588| 593| 598| 602| 607| 612 
904 617 | 622| 626| 631| 636| 641| 646| 650| 655| 660 
905 665 | 670 | 674| 679| 684 | 689 | 694| 698| 703 | 708 
906 713| 718| 722| 727| 732| 737| 742| 746| 751| 756 1 
907 761 | 766 | 770| 775| 780| 785| 789| 794| 799| 804 2 
908 809 | 813 | 818 823| 828| 832| 837| 842| 847| 852 3 
909 856 | 861 | 866 | 871 | 875| 880 | 885 | 890 | 895| 899 4 

5 

910 904 | 909 | 914| 918| 923| 928 | 933| 938| 942| 947 6 
911 952 | 957 | 961 | 966 | 971 | 976 | 980| 985 | 990| 995 7 
912 999 | "004 | “009 | *014 | “019 | *023 | “028 | “033 | “038 | “042 8 
913 | 96 | 047 | 052] 057 | 061 | 066 | 071 | 076 | 080| 085 | 090 9 
914 095 | 099 | 104| 109 | 114] 118] 123| 128| 133] 137 
915 142 | 147 | 152| 156| 161] 166| 171] 175 | 180| 185 
916 190 | 194] 199 | 204| 209| 23| 218| 22 | 227| 232 
917 237 | 242| 246 | 251 | 256 | 261 265| 270| 275 | 280 
918 284 | 289 | 294| 298 | 303 | 308| 313| 317| 322| 327 
919 332 | 336 | 341 | 346 | 350 | 355 | 360| 365 | 369 | 374 
920 379 | 384 | 388 | 393 | 398 | 402| 407| 412] 417 | 421 
921 426 | 431 | 435 | 440 | 445 | 450 | 454 | 459 | 464 | 468 
922 473 | 478 | 483 | 487 | 492 | 497 | 501 | 506 | 51| 515 
923 520 | 525 | 530 | 534 | 539 | 544 | 548 | 553 | 558 | 563 
924 567 | 572 | 577 | 581 | 586 | 591 | 595 | 6500 | 605 | 609 
925 614] 619| 624 | 628 | 633 | 638 | 642 | 647| 652| 656 
Νο, |L ^01 1 2 3 | 4 5 1 6 7 | 8 | 9 | Proportional parts 


logio m = 0.49715 
logio 27 = 0.79818 


* Indicates change in the first two decimal places. 


86 


10510 


Table 3-1. Five-place common logarithms of numbers 


(continued) 
925-980 
No.) ро 1 3 4 51617 | 8 | 9 | Proportional parts 
925 | 96 | 614 | 69 | 624 | 628 | 633 | 638 | 642 647 | 652 | 656 
666 | 670 | 675 | 680 | 685 | 689 | 694 | 699 | 703 
927 708 | 73| 717 | 722| 727 | 734 | 736 | 741 | 745 | 750 
928 755 | 759 | 764 | 769 | 774 | 778 | 783 | 788 | 792 | 797 
929 802 | 806 | 8и | 816 | 820 | 825 | 830 | 834 | 839 | 844 
930 848 | 853 | 858 | 862 | 867 | 872 | 876 | 881 | 886 | 890 
931 895 | 900 | 904 | 909 | 914 | 918 | 923 | 928 | 932 | 937 
932 942 | 946 | 951 | 9 960 | 965 | 97 974 | 979 | 984 
933 988 | 993 | 997 | “002 | “007 | *011 | “016 | “021 | "025 | “030 
934 | 97 | 035 | 039 | 044 | 049 | 053 | 058 | 063 | 067 | 072 | 077 
935 081 | 086 | 090| 095 | 100 | 104 | 109 | 114 | 118 | 123 
936 128 | 132] 137 | 142| 146 | 151 155 | 160 | 165 169 
937 174 | 179 | 183| 188| 192| 197 | 202 | 206 | 211 216 
938 220 | 225 | 230| 234| 239 | 243 | 248 | 253 | 257 | 262 
939 267 | 21| 276| 280 | 285 | 290| 294 | 29 | 304 | 308 1 
940 313 | 317 | 322 | 327 | 331 | 336 | 341 345 | 350 | 354 £ 
941 359 | 364] 368 | 373 | 377 | 382 | 387| 391 | 396 | 400 4 
942 405 | 410| 414, 419 | 424] 428 | 433| 437| 442 | 447 5 
943 451 | 456 | 460| 465 | 470 | 474| 479 | 483 | 488 | 493 6 
944 497 | 502 | 506 | 51 516 | 520 | 525 | 529 | 534 | 539 7 
945 543 | 548 | 552 | 557 | 562| 566 | 571 | 575 | 580 | 585 H 
946 589 | 594 | 598 | 603 | 607 | 612| 617] 621) 626 | 630 
947 635 | 640| 644 | 649| 653 | 658 | 663 | 667 | 672 | 676 
948 681 | 685 | 690 | 695 | 69 | 704 | 708 | 713 717 | 722 
949 727 | 731 | 736 | 740 | 745 | 750 | 754| 759 | 763 | 768 
950 772 | 777 | 782 | 786 | 791 | 795 | 800 813 
951 818 | 823 | 827 | 832| 836 | 841 | 845 | 850 | 855 | 859 
952 868 | 873 | 877 | 882 | 887 | 891 | 896 | 900 | 905 
953 909 | 914 | 918 | 923 | 928 | 932 | 937 | 941 | 946 950 
954 955 | 959 | 964 | 968 | 973 | 978 | 982 | 987 | 991 | 996 
955 | 98 | 000 | 005 | 009 | 014 019 023 | 028 | 032 | 037 | 041 
956 046 | 050 | 055 | 059 | 064 | 069 | 073 | 078 | 082 | 087 
957 дот | 096 | 100} 105 | 109] 114| 118 123 | 127 132 
958 137 | 141 146 | 150| 155 | 159 | 164 168 | 173 177 
959 182 | 186 | 191 195 | 200 | 205 | 209 | 214 | 218 | 223 
960 227 | 232| 236 | 24 245 | 250 | 254| 259 | 263 | 268 1 
961 272 | 277 | 281 | 286 | 290 | 295 | 299 | 304 308 | 313 2 
962 318 | 322 | 327 | 331 | 336 | 340 345 | 349 | 354 | 358 Еј 
963 363 | 367 | 372| 376 | 381 385 | 390 | 394 | 399 | 403 4 
964 408 | 412| 417| 421| 426| 430| 435 | 439| 44| 448 5 
6 
453 | 457] 462| 466 | 471 | 475 | 480 | 484 | 489 | 493 1 
Ка 498 | 502| 507| 51! 516 | 520] 525| 529 | 534| 538 8 
967 543 | 547 | 552| 556 | 561| 565 | 570 574 | 579 | 583 9 
968 588 | 592 | 597 | 601 | 605 | 610 614 | 619 | 623 | 628 
969 632 | 637 | 641 | 646| 650| 655 | 659| 664| 668 | 673 
677 | 682 | 686 | 691 | 695 | 700 704 | 709 | 713 | 717 
т pa 726 | 731 735 | 740| 744 | 749 | 753| 758| 762 
972 767 | 771 | 776 | 780 | 785 789 | 793 | 798 | 802 | 807 
973 8! 816 | 820 | 825 | 829 | 834 | 838 | 843 7 | 851 
74 856 | 860 | 865 | 869 | 874 | 878 883 | 887 | 892 | 896 
905 | 909 | 914 | 918 | 923 | 927 | 932 | 936 | 941 
% 985 949 | 954 | 958 | 963| 9 972 | 97. 981 | 985 
977 989 | 994 | 998 | *003 | *007 *012 | *016 | *021 | *025 | *029 
977 | οο | 034| 038 | 043 | 047 | 052| 06 | 061 | 065 | O9 074 
979 078 | 083 | 087 | 092| 096 100 | 105 | 109| 114 | 118 
980 13] 127| 131] 136| 140) њ мој 154] 158] 162 
Νο. | L 0 1 2 3 4 5 6 7 8 9 Proportional parts 


10810 [ 
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1 
logi 5- = 9.20182 — 1 


9.50286 — 1 


1 


+ Indicates change in the first two decimal places. 


87 


' 
Dy 
J) 


logio 


"m 
ы = УУ 
Table 3-1. Five-place common logarithms of numbers 
(continued) 
980-1000 
КОЛТО T РИ ΜΕ 4 ГЕ Г Ж 7 | 8 | 9 j Proportional parts 
980|99 | 123 | 127 | 131 | 136 | 140 | 145 | 149 | 154 | 158 | 162 
981 167 | 171 | 176 | 180 | 185 | 189 | 193 | 198 | 202 | 207 b 
982 211 | 216 | 220 | 224 | 229 | 233 | 238 | 242 | 247 | 251 
983 255 | 260 | 264 273 | 277 | 282 291 | 295 1 [0-5 
984 300 | 304 | 308 | 313 | 317 | 322 | 326 | 330 | 335 | 339 ЊЕ 
985 344 | 348 | 352 | 357 | 361 | 366 | 370 | 374 | 379 | 383 4| 2.0 
986 388 | 392 405 | 410 | 414 | 419 | 423 | 427 5 | 2.5 
987 432 | 436 449 | 454 | 458 | 463 | 467 | 471 6 | 3.0 
988 476 | 480 493 | 498 | 502 | 506 | 511 | 515 7 | 3.5 
989 520 | 524 537 | 542 | 546 | 550 | 555 | 559 НЕ: 
564 | 568 581 | 585 | 590 | 594 | 599 | 603 i 
607 | 612 625 | 629 | 634 | 638 | 642 | 647 4 
651 | 656 669 | 673 | 677 | 682 | 686 | 691 
695 | 699 712 | 717 | 721 | 726 | 730 | 734 І |04 
739 | 743 756 | 7 765 | 769 | 774 | 778 $109 
782 | 787 800 | 804 | 808 | 813 | 817 | 822 4116 
826 | 830 843 | 848 | 852 | 856 | 861 | 865 5|20 
870 | 874 887 | 891 | 896 | 900 | 904 | 909 6 | 2.4 
913 | 917 930 | 935 | 939 | 944 | 948 | 952 7 | 2.8 
957 | 961 974 | 978 | 983 | 987 | 991 | 996 8 He 
00 | 000 | 004 017 | 022 | 026 | 030 | 035 | 039 


Lo 1 4 5 6 7 8 9 | Proportional parta 
————— rs t iai ргорогуіопа] parta 


logio т = 0.49715 
logio 2т = 0.79818 


* Indicates change in the first two decimal places. 
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SPECIAL INTERPOLATION IN TABLE 3-2* 


In the first three columns on pages 90, 91, and 92, the tabular 
differences are so large that linear interpolation gives inaccurate results. 
Since every entry for the logarithm of the cosine of an angle near 90° 
can be thought of as the logarithm of the sine of an angle near 0°, it is 
sufficient if we consider only the sines of small angles. In like manner, 
since the tangent and cotangent are both reciprocals and cofunctions, it 
is sufficient to consider interpolation for tangents of very small angles, 
for we have 


log tan A = — log cot A = —log tan (90° — A) = log cot (90° — A) 


If A and B are sufficiently small angles, both expressed in minutes, it 
can be shown that the following relations are accurate to five places of 


decimals: 

log sin A = log sin B + log A — log B 

log tan A = log tan B + log A — log B 
In particular, these relations will be reliable to five places of decimals if 
both A and B are less than 3° and A — В is less than 1’. Since these 
conditions are true for interpolation problems for the sine and tangent in 
the first columns on pages 90, 91, and 92, these formulas may be used. 


Example 1 
Find log cos 89°27.5’. This is the same as finding log sin 0°32.5’. Let 
А = 32.5’, and let В = 32’. Then 


log sin 32.5’ = log sin 32’ + log 32.5 — log 32 
whence log cos 89°27.5' = 7.97560 — 10. 


Example 2 
Find log tan 1715.2’. Let A = 1915.2’ = 75.27, and let В = 1°15! = 75’. 
Then 

log tan 1°15.2' = log tan 1°15’ + log 75.2 — log 75 = 8.34002 — 10 


Note 
Ordinary linear interpolation in the first example would have given the 


97555 — 10, with an error of 5 in the last place. Linear interpola- 


result 7 
— 10, with’ 


tion in the last example would have given the result 8.3400“ 
an error-of 1 in the last place. 

* From С. В. Wylie, Jr., “Plane Trigonometry,” McGraw-Hill Book Company, 
New York, 1955. 
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Table 3-2. Common logarithms of trigonometric functions 
0? 
1, Тап | са L Cot 1, Соз 


0.00 000 [60 Μα и 
я 6.46 373 13.53 627 | 0.00 000 | 59 223 
6. 6.76 476 | 30103 | 13.23 524 | 0.00 000 | 58 $38 
6. 6.94 085 | 17609 13:05 915|0:00 000 | 57 = 955 
7, 7.06 579 | 12494 12 оз 491 0:00 000] 50 SES 
T. 7.16 270| 9891 | 12/83 730|0:00 000 | 55 89. 
ја 7.24 188| 7918 | 12.75 812| 0-00 000 | 54 ФЕН 
T: 7.30 882| воо | 12-69 118 0.00 000] 53 Мени 
7. 7.36 682| 5500112163 318|0:00 000|52 e ° 8 
7. 7.41 797| 5115 | 12.58 203|0:00 000 | 51 Bas 
T: 7.46 373| 4139 | 12-53 627 | 0.00 000 | 50 $5u 
7. 7.50 512| 3779 | 12.49 488 | 0-00 000 | 49 до 
T: 7.54 291| 3476| 12.45 709 | 0.00 000 | 48 >o 
2: 7.57 767| προ] 12-42 233| 0:00 000 | 47 Sad 
T: 7.60 986| 5996 | 12.39 014|0.00 000|46 “= 
7. 7.63 982| 2803 | 12.36 018 0-00 000 | 45 ©з 
T. 7.66 785| 2533 | 12-33 215|0.00 000|44 os P 
d. 7.69 418| 2482 | 12.30 582|9.99 999|43 я EE 
T. 7.71 900| 2348| 12.28 100|9.99 909 | 42 Oo 
Dn 7.74 248| „| 12.28 752|9:99 999 | 41 ges 
(Ж 7.76 476| 2110] 12.23 524 [9.99 999|40 ang 
T 7.78 595| 2020 | 12.21 405 9:99 999 | 30 s H o 
Ts 7.80 615! 1931] 12.19 385 | 9.99 999 | 38 too 
τ 7.82 546| |54з| 12.17 454|9:99 999 | 37 Я.Я a 
T. 7.84 394| 1773| 12.15 606|9.99 999 | 36 3.9 
7. 7.86 167| 1704|12.13 833|9.99 909 | 35 вре 
7. 7.87 871| 1639| 12.12 129 9:99 999 | 34 2838 
7. 7.89 510| 1579 | 12.10 490] 9.99 999 | 33 S.S а 
7. 7.91 089| 1524 | 12.08 911 | 9.99 999 | 32 ate 
|7: 7.92 613| 1473| 12-07 387 | 9:99 998 | 31 Е 68 
7. 7.94 086] 142; 12.05 914 [9.99 998 | 30 Ea 
7. 7.95 510| 1379| 12.04 490 | 9.99 998 | 29 Sa 
T. 7.96 889| 1336 | 12.03 111| 9.99 998 | 28 Ра 
7; 7.98 225) оду | 12-01 775 9:99 998 | 27 9 99 
τῷ 7.99 522] 1259 | 12.00 478|9.99 908 | 26 55.4 
8. 8.00 781| 1223 | 11.99 2199.99 998 | 25 ΒΕ 
8. 8.02 004] 110 | 11-97 996|9.99 998 | 24 » 8 
8. 8.03 194] 1159 | 11.96 806|9.99 997 | 23 AAS 
8. 8.04 353| 1128| 11.95 647 | 9:99 907 | 22 ЧА Ба 
8. 8.05 481| 1100 | 11.94 519| 9.99 997 | 21 258. 
8. 8.06 581| 1072| 11.93 419|9.99 997 |20 TARO 
8. 8.07 653| 1047| 11.92 347 [9.99 997 | 19 Ag VP 
8. 8.08 700| 1022|11.91 300|9.99 997 | 18 Bough 
8. 8.09 722] оов | 11.90 278|9:99 997]17 Saas 
8. 8.10 720] 976] 11.89 280|9.99 996 | 16 Ben 
8. 8.11 696| 955 | 11.88 304 | 9.99 996 | 15 моя 
8. 8.12 651| оз; 11.87 349 | 9.99 996 | 14 eae 2 
8. 8.13 585| 915| 11.86 415| 9.90 996] 13 "eus 
8. 8.14 500| g95/ 11.85 500| 9:99 996 | 12 Heu 9. 
EM 8.15 395| етв | 11.84 605| 9:99 996 | 11 99 5% 
о |3. 8.16 273| s60 | 11.83 727 | 9.99 995 | 10 B s s.n 
8. 8.17 133| з843| 11.82 867 [9.99 995| 9 зоба 
8. 8.17 976| 828| 11.82 024 |9.99 995] 8 2 B g 
8. 8.18 804] з2|11.81 196] 9.99 995| 7 S348 
8. 8.19 616] 797|11.80 384|9.99 995] 6 Po 95 
8. 8.20 413] 782] 11.79 587|9.99 994] δ gat Β 
8. 8.21 195] 49] 11-78 805|9.99 994| 4 4255 
8. 8.21 964] 759] 11.78 036| 9.99 994] 3 nasa 
8. 8.22 720| 742|11.77 280|9.99 994| 2 5885 
8. 8.23 462) ταο| 11.76 538 | 9.99 994 | 1 88 ë 
В. 8.24 192 11.75 808 |9. 0 SEES 
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Table 3-2. Common logarithms of trigonometrie functions (continued) 
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If ordinary linear interpolation is not sufficiently accurate, use the special methods described on 


page 89. 
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Table 3-2. Common logarithms of trigonometric functions (continued) 


9° 
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Table 3-2. Common logarithms of trigonometric functions (continued) 


Sedaka 


2 E! .8| 45:4 

3| 69.6] 68.7| 68.1| 67.8 
4| 92.8| 91.6| 90.8) 90.4 
5/116.0/114.5/113.5]113.0 
6]139.2|137.4|136.2|135.6 
7|162.4|160.3|158.9]158.2 
8/185.6/183.2/181.6/180.8 
9/208.8/206.1/204.3/203.4 


monto» 


со 0000 00 00 00 00 00 00| | 00 00 со 00 00 00 00 00 00| j 00 0000 00 Ço Co 00 00 Go| Go| Со 00 00 090000 00 co 00] сој бо 0000 000000 co co сој Go| бо бо до 00 00 00 со co 09] oo| 
0000 000000 0000 00| сој бо оо оо 000900 00 00 00| | 00 бо со GO Go CO 00 бо 00| Go| бо со 00 000000 00 00 oo| oo| бо 00 00 00 00 00 00 oo сој oo| 00 0900 бо до 00 00 co сој сој 


Ф|Ф‹Ф‹Ф ooo ооо|ојооо ooo ооојојооо ооо oo9o|o|ooo роо ооојој ооо ooo ооојојооо ооо owoc 


2 .4 e 6| .2 

3| 65:1| 64.5) 63.3] 63.3 

4| 86.8) 86.0] 85.2| 84.4 
δ|108.δ|107.δ|106. δ|105. δ. 
6/130.2/129.0/127.8|126.6 
1|151.9/150.5]149.1]147.7 
8|173.6|172.0|170.4|168.8 
91195.31193. 51191.7(189.9 

__| 208 | 206 | 203 | 201 
2| 41.6) 41.2) 40.6) 40.2 

3| 62.4] 61.8) 60.9] 60.3 

4| 83.2) 82.4! 81.2| 80.4 
51104.0|103.01101. 5100.5 
6|124.81123.6|121.8|120.6 
7|145.6/|144.2/142.1]140.7 
8/166.4|164:8/162:41160:8 
9/187.21185.4/182.7/180.9 
199 | 197 | 195 | 193 

2| 39.8| 39.4| 39.0| 38.6 

3| 59.7| 59.1| 58.5| 57.9 

4| 79:6| 78.8] 78.0] 77.2 

5| 99.5| 98.5| 97.5| 96.5 
6/119.4/118.2/117.0]115.8 
71139.3/137.9]136.5/135.1 
8/159.2/157.6|156.0|154.4 
9/179:11177 :31175.5(173.7 

192 | 190 | 188 | 186 

2| 38.4| 38.0| 37.6| 37.2 

3| 57.6] 57.0| 56.4| 55.8 

4| 76.8| 76.0| 75.2| 74.4 

5| 96.0] 95:0| 94:0| 93:0 

10| 6/115.2/114.0|112.8/111.6 
7/134. 4/133 .0)131.6]130.2 

9| 8/153:6/152:0/150:4|148.8 
8| 91172.81171.01169.21167.4 
7 184 | 183 | 184 | 181 
6| 2| 36.8 36.6| 36.4| 36.2 
5| 3| 55.2] 54.9| 54.6| 54.3 
A| 4| 73.6| 73.2) 72.8| 72.4 
5| 92:0| 91:5| 91.0| 90.5 

3] 6/110.4/109.8/109.2/108.6 
2| 7/128:8/128:1]127.4]126:7 
1 8/147.2/146.4|145.06]144.8 
-ø| 91165.61164.71163.81162.0 
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Table 3-2. Common logarithins of trigonometric functions (continued) 


Prop. Pts. 
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p Log trig/minutes 
I Table 3-2. Common logarithms of trigonometric functions (continued) 
5° 
TI 


8.94 030 144 8.94 195 145 11.05 805 | 9. 
8.04 174 8-94 340 11.05 660 [9. 
8:94 317 | 14318.94 485 | 148 | 11-05 515/9. 
8:04 461 |144 | 8-94 680 145 | 11:05 370|9; 
8.94 603 8.94 773 11.05 227 |9. 
8:94 746 | 143 | 8-94 917 | 143 | 11.05 083 | 9. 
8:94 887 | 11| 8:05 060 | 145 11:04 940 | 9 
8.95 029 | 14? [8.95 202 | 145 | 11.04 798 |9. 
8:95 170 | 145 | 8.95 344| 142 | 11:04 656 |9: 
8:05 310 | 110 | 8:95 4861, 11:04 544 |9: 51-594 5 
8.95 450 140 [3-95 627 ү, 11.04 373 |9. "Ez $ 
8.95 589 199 [8.95 767 | 14ү | 11-04 233[9. ἡ 58:8 Ἡ 
8:95 728] 139 | 8-95 908] 149 | 11:04 092/9. 8 22-5 d 
8:95 807 | зо | 8:90 047 | 14 | 11-08 95315: 1102-8 5 
8.96 005| 1s 3.35 187 138| [1-03 818| 9. 9105 8 E 
8.90 280 | 177 |8:96 464 189 11:03 586/9. με ΕΕ ας 
8.96 417 | 137 [8.96 602 | 138 | 11.03 398/9. 2 28.0 28.4 28.8 25.0 
8:96 553 | 1368.96 739 | 134 | 11.03 201 |9. 3| 22.0) 33.0] 42:3. 43.0 
8:96 689| 139 | 8.96 877 11:03 123|9: „БЕ ὃν οἱ 70:8 70:0 
: 136 198 957 6| 85.8] 85.2| 84:6 84.0 
8-96 825 155 (8.97 018] у | 1-92 9. ak tuta 
$39 000 125) 8:07 285 |185 11:02 719 |9: ERRARE ETUR] 
° 134 8:97 42 102 579 |9. 
на ој n a ыб 185 eye 444 ы —sl-27.8 27.8 27.4 37.2 
8.97 295 | 153 | 8.97 601 | 138 11:02 309] 9. 3| 41:7] 41:4| 41:1| 40:8 
8:97 629 | 133 | 8.97 825 11:02 175] 9: 4| 55:0 КЕЕ ЕЕ 
8.97 762| 122 | 8.97 959 | 134 | 11.02 041 |9. BI 69.5) 88-0/ 08:81 88:0 
8:97 894| 13° [8:98 092 | 133 | 11-01 908 | о- 7973 56.6 05:0) 05.2 
“98 026| 13° | 3.98 22 11:01 775 |9. 8/111:2/110-4/109-6/ 108.8 
5.98 029 iai 133 91125:11124:21123:31122:4 
8:98 167| 1 [8.98 358 | 13. 11.01 62209. 
8.98 288 8.98 490 | 132 | 11-01 510|9. T 
8-98 419 | 121 8:08 622 | 197 | 11-01 378] 9: P 
8:08 549 | 140 | 8-98 753/1] | 11:01 247|9. Е 
8.98 679| 130 | 8.98 834 | 131 | 11-01 116/9. 5 
8:98 808 | 529 | 8.99 015 | 130 | 11-00 985 | 9: 5 
8:08 987 | 129 [8:99 145 755] 11-90 855/9. 7 
3.00 066] 129 | 8-99 275 | 130 | 11-00 725/9. Š 
8:99 194] 128| 8.99 405 | 129 | 11-00 595/9. 
8:09 322| 128 |800 534| jpg | 11-90 466 | 9. EN 
8.99 450 128 [8.99 662 | 5, | 11.00 35819. 3 
390 577 | 127 [8.99 791 | 128 | 11-00 209 [9. E 
8:99 704 | 127 | 8:99 919 | 127 | 11-00 081| 9. 5 
8.99 830| 15, | 9-09 040 1,8 | 10.99 954) 9. 7 
8.99 956| 126 | 9.00 174 | 127 | 10.99 826 |9. 5 
ЕНШЕ 
9:00 207 9:00 427 | 170] 10. š NI AE. 
332| 125 | 9.00 553 | 126 | 10.99 447 |9. 2 25.4) 35. 
9-00 335 | 124| 9:00 679 | 126 | 10-99 321] 9. 3| 38.1 37. 
3:00 581 | 125 | 9:00 805 | 1о | 10:99 195 |9: HERES 
9:00 τοι] 122 [9.00 930 | 5; | 10.99 070 9. 6| 75:2) 78: 
9-00 828 | 152 | 9.01 055 за [19-98 848 [9- И 5202:0100; 
δ ΟΙ ood - 9:01 303 = 10.98 697 | 9. 7| | 323 | 122 | 121 | 120 
oe o| 122 |9.01 427 154 | 10.98 573 |9. 6| 2| 24.6| 24.4| 24.5 24.0 
9.01 196 | 122 | 0-01 550 | 153 | 10.98 450 | 9. 5| 3| 36.9] 36.6] 36.8 36.0 
01 318 | 122 [9-0 128 1| 49:2| 48.8] 48.4 48.0 
9:01 440| 12 | 9:01 673 | 5, | 10.98 327 |9. 4) 561.5 61.0 60.5 60:0 
7 12119 ϱ1 796 | 122 | 10.98 204}9. g| 8191-8 51.91 03-51 80.5 
9.01 561 121 [9-01 918 | 122| 10.98 082 | 9: 2| 9 Soci] 28-4 02.6 72.0 
9.01 683 |121 | 9-02 040 | 12° | 10:97 960 |9: 1| 8| 98:4 97:6) 96:8| 06-0 
9.01 803 9:02 122 9|110.7|109. 81108. 9|108.0 
σσ 923 | 120 | 9.02 162 10.97 838 |9. 0 
i Prop. Pts. 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 


8 


*O бо 4 С Q = со кон 


le 
als 
gle 


Γη 
© 
№ c 
©з 
o 
ж 00 to с O > 00 to 


18.4 


ΕΤΕΙ 
ΕΓΕΕΕΡΡ 


to ж о Ot Oo 
E 
9 
σι 


«ο ο ο ο DOD ο ο ο ο tO OO OOO ооојојооо ооо ооојојооо ooo ooc|c|ooo ооо ooc|c|ooo ooo ооо с) 


PI DVU ба Ко бабо вор бр OO Kon Ко ско co NOW NAN UNO το Whe NUN Whe То ово banaue 


mm 


Dot SMASH! 
rq 
5 
σι Ὁ σι Ὁ οι Ὁ ὃν Ὁ ὃν 
©з 
5 
оков ос to оњ 
e 
σι 


0 00 4 С сл оок 
ERS5899z5 


e 
Š 
a 
А 
o 
© 


очно 
Doa a o о δ0 σν > to 


TTEFTSETƏS 
ALEE 


Ф очо оњ оі 


КЕЕЕЕБЕЕН 
ONAORDO 


oooooocoo 


|° 
|» 


| 


ХО 00 =1 С ло бою! 
ETT со PE 
5 τα μα ον u-o 
H to o i Ὃν @ 351-13 
ою юк к коо 
Ri oo сл о Ὁ фә 


Log trig-minutes 


Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 8-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonomeiric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) εἶ 


OoN a i ia w bo 


O co -ᾱ O> ел оюн 
ОЮ Ко какы 

BAN οσο οσο 
о сњ to © ооо to 
Nm nto o o w 


to to to = кака 


| 
| 


«ο 00 -ᾱ О сл e Οὐ 1ο | 
55 5 бо δι бо Θ -ᾱ σι ко 
ж озю о о ооо 
δι Ὁ ὃν Ὁ ὃν Ὁ ὃν Ὁ ὃν 
ΕΕΣ 

Οκ. osa 
5 i wia o a io o a 


юрек кек 


IE 
le 


вазы aaa чз че 222 ооо зоо ооо 2222222 ane воз оо 


© бо -ᾱ с› сл бою! 
законно 
Фо о to to л бою: 
ттт со G to кек O 
®ююсоожоюФф 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


aaa ммм N 
oo 


© нь Rae ооо 


„п, MESE à 


Log trig/minutes 


Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) [ 
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Table 3-2. Common logarithms of trigonometric funetions (continued) 
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Table 3-2: Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 


34° 

"| LSin |d| L Tan |са| L Cot Г Сов |4 Prop. Pts. 
0|9.74 756| .. | 9.82 899 = 10.17 101|9.91 857 PM LJ 
ТЕ ЕНЕ ЕН pa HE 
3 (9-74 812| 18 9:82 980| 27 10.17 020 9:91 832| 8 | 28 
σῇ A 19 [9.83 oos | 28 | 10 16 992 9.91 823| 9 
ο οι E 035 | 27 | 10.16 9656 01 81: | 8 | 50 
6 |o τα 250) 18 9:83 005 | 27 10:16 938|9:91 806 | 9 54 
s rji 19 10.83 089 | 27 |10 16 911 9.91 798 | 8 
7| 9.74 887 | 1ο |9.83 089 | ὃς 10.16 911 (9.01 708 9 | 53 
9|9 74 924 | 18 (9:88 144| 27 | 10-10 856 |9201 781] ® |22] -]-38| a7 | as 
-9|9.74 924| ος јо. τη 27 20-16 8565. о |51 TEX 26. 
10|9.74 943 ig | 9-83 1 от | 10. 9.91 772 ο | 99 2 5.6] 5.4| 5.9 
11 | 9-74 961 | 19 | 9.83 198| 27 | 10.16 802|9.91 763 8 | 49 3 8.4 8.1| 7.8 
12 | 9.74 980| 19 | 9.83 225] 27 | 10:16 775|9 91 755 о | 48 4111.2110,8/10 4 
1319.74 999 | 4 | 9.83 252 ος | 10:16 748 [9.91 746 в | 47 514.013.513`0 
14 | 9.75 017 | 1ο | 9.83 280| 57 | 10.16 720|9.91 738 о |46] 715.816.215. 
15 | 9.75 036| 18 | 9.83 307 | 57 | 10:16 693 | 9-91 720 о |45] 3159-6118. 9/18.2 
16 | 9.75 054) 1, | 9-83 334 | © | 10:18 666 9:91 720 а | 44 4121.6 20-8 
17 | 9.75 073 | 18 | 9.83 361 57 | 10.16 639 |9 91 719 8 | 43 2124323 4 
ШЕННЕ НЕ ЕНЕ 
20922-12018 9.83 442 | 27 [10-16 58 9.91 688 ДЕ: 
20|9.75 128| ,, шр | 10: : 6 | 40 
21 [9.75 147 | 18 [9.83 470 | 27 | 10.16 53019 91 677 | 3 | 39 
ЖЕ АНЕ 48] 27 10:18 BH: 
2319.75 184 18 27 : : 6 B 37 
2419.75 202| 19 |9.83 551| 27 | 10.16 449|9 91 651 a | 36 
НЕЕ 
26 | 9-75 239 | |. ьм 91 634 |, |34 БЕТ 
27 | 9-75 258 | 18 | 9.83 632| 57 | 10.16 368|9 91 625 3 | 33 i| 1.9 Te 
28 | 9.75 276| 18 | 9.83 659| 27 | 10:16 34119 97 617| 9 | 32 2| 3.8| 38 
29 9.75 294| |, | 9-83 686| © | 10:16 814991 box о | 31 3 5.7| 2-6 
3019.75 313 | |, [9.83 713| ç, | 10.16 287 |9.91 595 g | 30 4| 7.6] 7.2 
31 9.75 331 | 19 [9.88 740 | 28 | 10.16 260 |991 sor о [29 δι 9.5 90 
32 19.75 350 | 18 | 9.83 768 | 27 | 10:16 232 | 9:91 583 о | 28 6111.4110'8 
3319.75 368 | |; |9.83 795), | 10:16 205 | 9:91 573 в | 27 713.3 |12.6 
94 | 9.75 386 | 19 | 9.83 822 | 57 | 10.16 178 9.91 565| 9 | 26 97: 214.4 
35 | 9.75 405| 18 | 9.83 849| 27 | 10.16 151|9 91 550 о [25 ‚116.2 
36 | 9.75 423 |; |9.83 876). | 10:16 194991 225 о | 24 
37 | 9.75 441 | 18 | 9.83 903 | 27 | 10.16 097 |9 91 538 | & | 23 
38 | 9.75 459 | 19 |9 83 930 | 27 10.16 070 9.91 530| ç | 22 
39 [9.75 478| 1, [9:83 957| 55 | 10. :91 521 |, |21 
40 9.75 496) |, [9.83 984| © [10.16 016 | 9.91 515 ; | 20 
41 [9.75 514 | 1ο [9.84 011 | 27 | 10.15 989 |9 91 504 | 5 [19 
42 | 9.75 533 | 18 |9.84 038 | 57 | 10:15 962 |9`91 495 | ϱ | 18 
aa отв zeo) 28 рак ons 27 [10-16 986 9.0] 471 9 |17 

| ; 27 | 10. ; 16 9 
459-75 587 18 |9 84 119| 27 |10:15 881|9:91 477 8 [15 xot 
16|9.75 605| 1ο |9.84 146 с. | 10:15 854|9:91 400 о | 14 ali ὃ 
47|9.75 624 18 9.84 173 27 10.15 827 9.91 451 9 | 13 32.7124 
48 | 9.75 642 | 18 | 9.84 200 | 37 | 10.15 800 9-9. 449] 9 | 12 43.632 
4919.75 660) js [9.84 227| >> | 10:15 773 | 9 01 433| [11 4.5 
50 9.75 678| 1ς [9.84 254 | „ | 10.15 746 [9 91 455 о [10 6/5 414 8 
51|9.75 696| 18 | 9.84 280| 57 | 10.15 720 9.91 416 ГӘ 26.35.6 
5219.75 714 | 19 |9.84 307| 27 |10:15 603 [9:91 416 3 E: 8 2-4 
53 |9.75 733 18 | 9-84 334 от | 10.15 666| 9.91 398 am 8.17.2 
54 | 9.75 751 | 18 9.84 361 27 10.15 639 9.91 389 | 2| 6 
55 | 9.75 769 18 Ah P 27 10:15 BRE 9.91 381 915 
s ΤΗΕ passe | 10:15 568 [9 9: seal ° | 4 
57 |9.75 805 27 |10. «91 363 
58 | 9:75 823 | 18 | 9:84 469| 27 | 10:15 δη 5-01 354| 9| 3 
59|9.75 841 9.84 496 10.15 504}9 91 345 
solo 75 859| 18 o g+ Боз] 27 [πρ ης | 9-91 345 | © E 
60|9.75 859 9.84 823 10.15 477|9.91 336 б 

L Cos | d | LCot |cd| L Tan LSin |4 | 


66° 
124 


Log trig/minutes 


Table 3-2. Common logarithms of trigonometric functions (continued) 


35° 
ri CSia |d L Cot L Cos Prop. Pts. 
[6] 9-75 859 | |, |9. 10.15 477 | 9.91 336 
REL ° 1 — F y 
9. 10.15 450 | 9-91 328 
2|9 78 895| 18 |9. 10.15 424 | 9.91 319 
319 75 913 > 9. 10.15 397 |9.91 310 
1 1 
9. 10.15 370 | 9.91 301 
219-75 949 | 18 |0. 10.15 343 |9.91 292 
619.75 967 | 18 |9. 10.15 316 9.91 283 
18 .15 289|9.91 274 
4 Wo an 18 8, 10:15 262 | 9.91 266 27 | 26 
919.76 051 | 18 |9. 10.15 236 [9.91 257 1| 2.7| 2.6 
ло [9.76 039| 15 |9. 10.15 209 [9.91 248 2| 5.4 5.2 
тр 76 057 | 18 Го. 10.15 182 [9.91 239 4E E 
1115:76 075| 18 |9. 10.15 155|9.91 230 de 
1213:76 093 | 18 |9. 10.15 128 |9.91 221 AS RD 
1419.76 111| 18 |9. 10.15 101|9.91 212 vim Dh 2 
„ДЕЗ 10.15 075 | 9.91 203 gist 890.8 
15| 9.76 129| 17 
9.76 146 9. 10.15 048 | 9.91 194 9124 9193 4 
SIS 18 15 021|9.91 185 
17 |9.76 168) 18 |5. 10:14 904 [9:91 176 
18 | 9.76 152 ла |5- 10.14 967 9:91 167 
19 |9.76 200 10.14 967 
3019.76 218| 18 |9. 14 941 | 9-91 158 
— az pag | 18 10.14 914|9.91 149 
21|9.76 236) 17 |9. .14 887 [9.91 141 
22 |9.76 253| 18 |9. .14 860|9.91 132 
1 9. 
1 14 834 [9.91 123 
2419.76 252] 18 |0. .14 807 9:01 114 
259-28 ΕΑ .14 780 |9.91 105 (38 | 17 
26 d^ 342 | 18 [ο 14 753 [9.91 096 11.81.7 
.14 727 |9. .6| 3. 
28 |9.76 360 | 18 3 .14 700|9.91 078 3| 5.4| 5.1 
29 | 9-76 375 | 17 [2-35 327, 27 10.14 673|9.91 009 КЕ 
30 |9.76 395 9. Коа чүш,» 5| 9.0] 8.5 
Кы = 18 |5 85 354 .14 646 |9.91 060 610 810 2 
9.76 419 9. ‚810. 
е јата лат 19 |а, .14 620 [9.91 051 7112 6111.9 
52 19:76 448 ig [2 чекер c 
за |9.76 466 | is |9. 14 540|9.91 023 — 
35 [9:76 501| 11 |9. 14 513 [9.91 014 
a7 [9.76 519] 18 |9. 14 460 | 9-90 990 
"76 537 9. 1 ' 
38 НН 554| 17 |9 14 433 | 9.90 987 
39 |9. 18 |F 14 406 [9.90 978 
9. : 
0 9.76 S77) 18 | se 620 14 380 (9.90 969 
21 [9.76 590| 17 |5 14 353 [9.90 960 
42 0-10 AE 14 326 |9.90 951 — 
18 | 8: үр 14 300 [9.90 942 “ΤΙ та. 
44 | 9.76 642 | 18 |9. 14 273 |9.90 933 11.0/0.9/0.8 
45|9.76 669) 17 |5; 14 246|9.90 924 2/2.0/1.8/1.6 
9.76 677 9. 33.0]2.7/2.4 
46 | 9- 18 |0 14 220|9.90 915 A als Γη 
47|9.76 695 17 |9. 14 193 |9.90 906 ора 
48 9.76 712) 1819: 14 166 |9.90 896 Че bs re 
49 ы: 7:2 17 9 85 860 14 14019.90 887 717.016.315.6 
50|9.7 18 |; 14 113|9.90 878 8/8.0/7.2/6.4 
51 (9-76 765| 17 |9- 14 087 | 9:90 809 9|9.0|8. 117.2 
52|9.76 (s 18 |9. 14 060|9.90 860 
53 | 9.76 17 |. 14 033|9.90 851 
54|9.76 817 | 18 |5; 14 007 | 9.90 842 
55 | 9-76 ст 17 | 13 980 | 9.90 832 
56 | 9.76 18 | 13 954 | 9.90 823 
57 |9.76 870| 17 |5; 13 927 | 9.90 814 
58 | 9.76 d 17 |9. 13 900 | 9.90 805 
59 doni 8 [9 86 126 -13 874 |990 796 
60 | 9.76 ^T cd| LTan | LSin Prop, Pim, 
LCos | d 
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Table 3-2. Common logarithms of trigonometric functions (continued) 


36° 
ГА . 
L Sin | PEN BL. _ Prop. Pts 
_0 [5:76 922 ; . ор = 
119.76 939 ἜΣ 
219.76 957 
319.76 974 
419.76 991 
5| 9.77 009 
619.77 026 
719.77 043 
819.77 061 
| 9|9.77 078 _| 27 | 26 
10|9.77 095 1| 2.7| 2.6 
11|9.77 112 2| 5.4| 5.2 
12|9.77 130 3| 8.1| 7.8 
13|9.77 147 sia shee 
. 94113. 
1419.77 164 611621156 
15]9.77 181 7lia'o 
16|9.77 199 Bison E 
1719.77 216 9[24.3|93.4 
18 19.77 233 
19 | 9.77 250 
2019.77 268 
2119.77 285 
2219.77 302 
2319.77 319 
2419.77 336 
2519.77 353 
2619.77 370 
2719.77 387 _| 18 | 17 | 16. 
2819.77 405 1| 1.8] 1.7| 1.6 
29|9.77 422 : A 3.4 3.2 
— .4| 5.1 4.8 
3119.77 456 5| 9.0| 8.5 80 
32[9.77 473 6110.8/110.2| 9.6 
33|9.77 490 7|12.6|11.9111 2 
3419.77 507 8|14.4|13.6|12 8 
3519.77 524 9/16.2/15.3/14 4 
3619.77 541 
3719.77 558 
3819.77 575 
39 | 9.77 592 
40|9.77 609 
4119.77 626 
4219.77 643 
4319.77 660 
4419.77 677 10] 9 
4519.77 694 1.00.9 
46 9.77 711 2/2.0]1.8 
47|9.77 728 3|3.012.7 
48|9.77 744 4/4.0]3.6 
49 |9.77 761 55.014.5 
6019.77 778 6|6.0/5.4 
59 7(7.0/6.3 
5119.77 795 8/8.0/7.2 
5219.77 812 9|9.0/8 1 
53|9.77 829 prs dir 
54|9.77 846 
55 |9.77 862 
56 | 9.77 879 
5719.77 896 
5819.77 913 
59 | 9.77 930 
60]9.77 946 
Г Сов Prop. Pts. 
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Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 


39° 


Prop. Pts. 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
40° 
L Cot L Cos 


„07 61919.88 425| _ 


.07 593 | 9.88 415 
«07 567 | 9.88 404 
.07 642 | 9. 394 


.07 516 | 9.88 383 
.07 490 | 9.88 372 
.07 465 | 9.88 362 


.07 439 | 9. 351 
.07 413 | 9. 340 
.07 388 9.88 330 
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Table 3-2. Common logarithms of trigonometric functions (continued) 


41° 


9.87 778 

: 767 
756 
745 
734 
723 
712 
701 
690 
9.87 679 

Я 668 
657 
646 
635 


624 
613 
601 


590 
579 
568 

š 557 


546 
535 
524 
513 
501 
490 
479 
468 
457 
‚87 446 
.87 434 
423 
412 
401 
390 
378 
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Table 3-2. Common logarithms of trigonometric functions (continued) 


42° 
* L Sin d | L Tan |cd| І Cot L Cos 
53255 [9.95 442 | — |10.04 556 957 107 
т 9:82 565| 12 [9.95 469| 25 | 10.04 531|9.87 096 
2|9:82 579| 1$ |9:95 495| 26 | 10:04 505 | 9-87 085 
3|9:82 593 9:95 520) 25 | 10:04 480 |9:87 07 
4|9.82 607) 1$ |9.95 545| 28 | 10.04 455| 9.87 062 
59:82 621 | 14 [9:99 511 2s | 19-04 429 [987 050 
6| 9:82 635| 14 9:95 596| 25 | 10.04 404 | 9-87 03 
{ка е зе НЕЯ. | 
5|9 82 677| 1 [9:98 672] 25 [10:04 3229-67 015 i245 
0|9.82 691| 1* [9.95 698| 25 |10.04 302 [9.86 993 ЕЕ 
11 [0-82 τος] 14 [9-55 τας] 25 [10:04 277[9-86 982 3| 7:81 7.5 
12|9:82 719| 14 [9:95 748 | 25 | 10:04 252 |9.86 970 4110:4|10:0 
13| 9:82 733| 14 [9:05 774 25 | 10:04 226 9-86 959 519.019 δ 
14 | 9:82 747| 14 [0-95 τοῦ] 25 | 10-04 201 9.86 947 9|15.0|1δ.0 
1419-82 τοι | 14 (9:93 825 | 29 | 10:04 175 | 9:86 936 118.2[17.5 
15 19-65 775| 11 |9:98 850 25 |10:04 150 9:86 924 829:8120:0 
ИТ КН ЕНЕ 
182 80 : 26 
18|9:82 816 14 (9-95 926] 25 | 10:04 074 | 9:86 890 
20 [9.82 830| 14 [9-95 952| ув [10.04 048| 9.86 879 
ΠΗ ΗΠ 
5 : 26 
23 |9:82 872 15 [9:96 028 | 25 | 10:03 972 9:86 844 
24 (9.82 885| 14 [9-06 053| 55 | 10-08 947 [2.86 832 
3518-83 013] 1 [9:96 104, 26 | 10-08 806 | 9.86. 809 as | 28 
ΕΓ |; 25 | 10.03 871 |9.86 798 1141.3 
27 | 9-82 927 14 [9-96 1290 28 | 10:03 845|9 86 786 2| 3:8 2.6 
28 9.83 942} 1* [0:06 180| 25 | 10-03 826 | 9-80 775 3 4:3 3.9 
20 [82588] 13 [5:06 205 | 75 [10:03 795 | 9-86 763 4| 5.0 5.2 
30 [9.82 968| 17 [9.96 ps B5 (9.88 769 ЊЕ 
982 9-96 231| 25 [10.037 ККЕ 
КИНЕ 14 19590 256 10:03 744 | 9`86 740 EIE, 
За | 9:83 010| №4 (9-98 281 | 25 | 10:03 719 |9:86 728 EEG 
зз [9:83 010| 14 | 9-96 E 710} 9.86 728 niea 
за | 9-83 023| 14 [9-96 307 | 55 | 0-08 608 9.86 717 
85 [9:83 087 | 14 [9:06 332| 25 | 10-08 008 | 9-88 705 
36 | 9:88 051 | 14 (9-96 357 | 25 | 0 86 694 
эт (2-88 065 | 13 [9-06 383| 95 | 10.03 617 [9.80 682 
38| 9.83 078 | 14 |9-96 408] 25 | 10 592 | 9.86 670 
39 | 9.83 092 | |, [9:06 433| 25 | 10.03 L1] 
40 [9-53 105] 14 [9-06 955 | 5, [10.08 541|o.86 бат 
т [9.88 120| is [9.06 484] 2ο 10.03 510 (9-88 635 
4219-83 133) 14 [9-96 538 | 25 | 10-04 465 | 9-36 612 ΠΝ 
Е 25 | 10.03 440 | 9.86 600 Hs 
4419-83 161) 13 [9:06 286 | 2° | 10.03 114 | 9.86 589 ЕНЕ 
4519.83 172 14 19:96 611| 25 | 10.03 380 | 9:86 577 k= 
Clone asl ie, 25 | 10.03 364 | 9.86 565 a dubi 
4119-83 202| 13 19-98 602 | 26 | 10-03 338 | 9.86 554 ease 
48 | 9-83 215| 14 19.96 007 | 25 | 10:08 318 | 9.86 542 el ај 
49 9.83 | 15 бов 712| 25 [10.03 288 [9.86 530 7| 8.477 
50 9-88 E| 14 |: 28 10.03 262|9.86 518 8| 9.6/8.8 
119-83 256 | 14 (9-98 788 | 25 | 10:03 287 [9.86 507 9[10.89.9 
$2 [9:88 270| 43 | 2-98 283 8 | 0 03 212|9.86 495 
52 9:83 283] 1; [9-96 788] „8 | 10 о» 
54 о-ва 207 13 | 9-96 id 25 | 10 0$ 161|9 86 472 
5519-83 310| 14 |9.96 859) 25 | 10-03 186 | 8-88 460 
ыл mE 03 110 | 9.86 448 
57 |9-88 338 | 18 | 3-98 898 25 | 10-03 085 | 9-88 436 
58} 9.83 351| 14 | 8-86 940 | 25 | 0-08 060 | 9-86 425 
50 9:83 378 13 [5-96 966| ^? | 10.03 034|9.86 413 
во |9. үш 
йй: L Sin 
L Cos | 4 | І Cot |cd| L Ten 
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Table 3-2. Common logarithms of trigonometric functions (continued) 
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Table 3-2. Common logarithms of trigonometric functions (continued) 


Prop. Pts. 
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Table 4-1. Common logarithms of trigonometric 
functions (radian measure)* 


9. 
D. 
8. 
Le 
[f 
6. 
6. 
5. 
5. 
5. 
4. 
4. 
4. 
4. 
4. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
2. 
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2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
As 
1: 
1 
1. 
1. 
1. 
he 
1. 


* From Е. S. Allen, “Six-Place Tables," McGraw-Hill Book Company, New 
York, 1947. 
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Table 4-1. Common logarithms of trigonometric 
functions (radian measure) (continued) 
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Table 4-1. Common logarithms of trigonometric 
functions (radian measure) (continued) 


19999 


= 
© ® | ooo | лл» нк» | ао | cococococo | tototototo | tototototo 
5 
8 


s 
оо 
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© 
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3 | Log trig/radians 


= Table 4-1. Common logarithms of trigonometric 
functions (radian measure) (continued) 


sin cos tan cot log sin | log cos | log tan 


—12.5993 8.89831 |1.1003n| 
.9498n | .0485n| 
.9958n |1.0020n| 
.0374n |0.9600n| 


.0753n | .9216n 


9.1101n | .8863n 
.1422n | .8535n| 
.1722n | .8230n 
.2001n | .7944n| 
.2263п | .7674n| 


9.2510n | .7420n| 
.2743n | .7178n| 
-2964n | .6949n| 
.3174n | .6730n| 
.3374п | .6521n| 


9.3564n | .6321n| 
.9746n | .6128n| 
.3920n | .5943n| 
.4088n | .5765n 
.4247n | .5597n| 


9.4403n | .5426n| 


нон | ннн 


— 3.1304 
— 3.0257 


| н | ннн | ннн | ннн |н 


9.6192п | .3395n 
-6286n | .3281n 
.6377n | .3169n 
.6466n | .3059n| 
.6553n | .2950n| 


9.6638n | .2843n| 
.6720n | .2738n| 
.6801n | .2634n| 
.6880n | .2531n| 
.6956n | .2430n 


9.7032n | .2330n| 
.7105n | .2230n| 
«7177n | .2132n| 
.7247n | .2035n| 
.7316n | .1939n 


9.7383n | .1844n| 
-7448n 
7513n 


кококококо | кокко | teme tet 
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Log trig/radians Е 


Table 4-1. Common logarithms of trigonometric > 
functions (radian measure) (continued) - 


i 


log сов |logtan 


9.7697n 


totototo | ююююю 


Seem | manaia | inanma | оо | фб | tototototo | totototo 


н |н | а | eee 


BONES | SONDA | RANE О | ооч | воно | Зоос | ровно 


2 

2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
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Log trig/radians 


Table 4-1. Common logarithms of trigonometric 
functions (radian measure) (continued) 


log cos 


! 

9.96581. 
.9676п 
.9693п 
-9710n 
.9726n 


-9742n 


9999 


tototototo 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3 

8. 
8. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
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Trigonometric functions and inverse trigonometric functions 


sin x, cos x, tan x 


AY 


arc tan x, arc cot x 
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ТаЫе 4-2а. 


Degrees, minutes, and seconds 


to radians* 


[ Degrees L Minutes | Seconds 

0°/0.00000 Оп] 60*|1.04719 76]120°]2.09439 51| 07| 0.00000 00" 0770. 

1 0.01745 33| 61 [1.06465 08|121 |2.11184 84| 1 | 0.00029 09| 1 0:00000 38 
2 (0.03490 66| 62 |1.08210 41|122 2.12930 17| 2 | 0:00058 18| 2 | 0.00000 97 
3 [0.05235 99| 63 |1.09955 74/123 |2.14675 50| 3 | 0.00087 27| 3 | 0.00001 45 
4 (0; 111701 2 4 | 0.00116 36] 4 | 0.00001 93 
5 |0. 5 |0. 0.00002 42] 
5 (0. 6/0. 0.00002 91 
ip Hr POE 

` . Ё 03 8; 
9 (0. 9/0. 0.00004 36] 
10 |0. 0. 0.00004 85] 
п (0. 0. 0.00005 33 
12 (0. 0. 0.00005 82 
13 |0. 0. 0.00006 30] 
14 (0. 5 0. 0.00006 79 
15 (0. ҮҮ, 0. 0.00007 27] 
16 |0. 1. 0. 0.00007 76 
17 |0.29670 60| 77 |1. 2. 0. 0.00008 24] 
18 |0.31415 93| 78 |1. 2. 0. 0.00008 73| 
19 |0.33161 26| 79 (1. 2. 0. 0.00009 21 
20 |0. 94900 59| 80 (1. 2. 0. 0.00009 70 
21 |0.36651 91] 81[1. 2. 0. 0.00010 18] 
22 |0.38397 24| 82 |1. 2. 0. 0.00010 67 
23 |0.40142 57| 83 [1.4 2. 0. 0.00011 15 
24 |0.41887 90| 84 |1. 2. 0. 0.00011 64 
25 |0.43033 23| 85 |1. μα 0. 0.00012 12 
26 [0.45378 56| 86 |1. 2. 0.0 0.00012 61| 
27 0.47123 89| 87 1. 2. 0. 0.00013 09 
28 [0.18809 22| 88 |1. 2.58: 0. 0.00013 57 
29 [0.50614 55| 89 |1. 2.60054 0. 0.00014 06] 
зо [0.52359 88| 90 |1. 2.01799 39130 |0. 0.00014 54 
31 [0.54105 21| 91 |1. 2.63544 72|31 | 0. 0.00015 03| 
32 0.55850 54| 92 (1. 2.65290 05/3» | 0. 0.00015 51 
33 |0.57595 87| 93 |1. 2.07035 38|33 | O. 0.00016 0 
34 [0.59341 19| 94 |1. 2.08780 7034 | 0. 0.00016 4! 
35 |0.61086 52| 95 |1. 2.70526 03 [35 |0. 0.00016 97| 
36 |0.62831 85| 96 |1. 2.72271 36/36 | 0. 0.00017 45 
37 |0.64577 18| 97 |1. 2.74016 69|37 |0. 0.00017 94 
38 [0.66322 51| 98 |1. 2.75762 0238 |0. 0.00018 42 
39 |0.68067 84] 99 (1. 2.77507 85/89 | 0. 0.00018 91 
40 |0.69813 17(100 (1. 2.79252 68/40 | 0.01163 55/40 | 0.00019 39 
41 [0.71558 50(101 (1. 2.80998 01/41 | 0.01192 6441 | 0.00019 8 
42 |0.73303 83|102 (1. 2.82743 34142 | 0.01221 73/42 | 0.00020 36] 
43 |0.75049 16/103 |1. 2.84488 67|43 | 0.01250 82/43 | 0.00020 85] 
44 [0.76794 49104 |1. 2.86234 0044 | 0.01279 9144 | 0.00021 33 
46 0.78539 82106 1.83259 57/166 |2.87979 33/45 | 0.01309 00/465 | 0.00021 82 
M6 |0.80285 15|106 |1.85004 90]166 |2.89724 66/46 | 0.01338 09146 | 0.00022 3! 
M7 |0.82030 47|107 |1.86750 23|167 |2.91469 99|47 | 0.01367 17|47 | 0.00022 7' 
48 |0.83775 80108 |1.88495 561168 |2.93215 31|48 | 0.01396 26148 | 0.00023 27| 
49 |0.85521 13|109 |1.90240 89|169 |2.94960 64|49 | 0.01425 35|49 | 0.00023 7 
50 [0.87266 40|110 |1.91986 22170 |2.96705 97/50 | 0.01454 44|50 | 0.00024 24 
51 [0.89011 79|111 |1.93731 55|171 |2.98451 30|51 | 0.01483 53|51 | 0.00024 73 
52 [0.90757 12|112 |1.95476 88|172 |3.00196 63|52 | 0.01512 62|52 | 0.00025 21 
53 [0.92502 451113 |1.97222 21173 |3.01941 96]53 | 0.01541 71|53 | 0.00025 70] 
54 [0.94247 78|114 |1.98967 53|174 |3.03687 29|54 | 0.01570 80|54 | 0.00026 1 
55 [0.95993 11]116 |2.00712 86|175 |3.05432 62/55 | 0.01599 89|56 | 0.00026 6 
56 [0.97738 44|116 (2.02458 19]176 |3.07177 95|56 | 0.01628 97|56 | 0.00027 1 
57 (0.99483 77|117 |2.04203 52|177 |3.08923 28/57 | 0.01658 06|57 | 0.00027 63 
58 |1.01229 10|118 |2.05948 85|178 |3.10668 61|58 | 0.01687 15|58 | 0.00028 12 
59 |1.02974 43|119 |2.07694 18|179 |3.12413 94/59 | 0.01716 24|59 | 0.00028 6 
60 (1.04719 761120 [2.09439 511180 (3. 14159 27160 | 0.01745 33160 | 0.00029 09 
Degrees Minutes | Seconds 
* From E. S. Allen, ‘“Six-Place Tables,” McGraw-Hill Book Company, New 


York, 1947. 
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Table 4-26. Radians to degrees, minutes, and seconds* 


Radians| Degrees | Degrees, min., sec. 


Degrees |Degrees, min., вес. 


* From E. 5. Allen, “Six-Place Tables,” McGraw- 


York, 1947. 
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.0» | .572058 34' 22.67 

2 | 1.145910 | 19 845.37 

3 | 17918873 | 19437 v9" 

4 | 21291831] 29 17 30:6" 

.05 2.864789 29 517 53.2” 

6 | 3.437747 | 33520 15.97 

a 4.010705 45 0’ 38.5” 

8 | 4583662 | 4°35' l2" 

9 5.156620 Бо 9'23.8" 

.10 5.729578 5° 48’ 46.5” 

2 .2 11.459156 11° 27/ 33.0” 

2 18 | 17:188734 | 17° 1U 39187 

Я 14 | 22:918312 | 229 55, 50” 
σος :5 | 28:647890 | 289 38 52:4" 
б -Ü | 34.877468 | 34920738 97 

5 7 | 40.107046 | 409 6 25.47 

8 8 45.836624 45° 50' 11.8” 

5 :9 | 51:560202 | 515 33' 88.3" 
.0010 | 0521558 1:0 | 57:295780 | 57° 177 44.8" 
2 |.114592 2 (114.591559 | 1147 35 29.67 

2 | 3 [171:887339 | 171° 53' 14:4" 

4 .229183 4 229.183118 | 229° 19’ 59.2" 
.005 | 1286479 5 [286.478808 | 286° 28' 44:07 
.943775 6 343.774677 | 343? 40’ 28. 87 

E 7 (401-070457 | 401° 4' 13:6" 

8 а 8 458.366236 | 458? 21’ δ8 4 

9 ‚515662 9 515.662016 | 515? 39” 43.3” 


Hill Book Company, 


New 


μα 
Table 4-3. Decimal equivalents of minutes, seconds, and common 
ј fractions* 
fi 
From minutes and From decimal parts of Common fractions 
seconds into deci- a degree into minutes 
mal parts of a and seconds (exact $ 16 за вс | Ем 
degree values) ths ths nds ths | decimal 
! values 
o | 0%.0000 | o" | 0°.0000 | 0°.00 | 0 0°.50 | 30’ 1 | .01 5625 
1 10167 1 0003 1| o0 36" 1 | 30“ 36" 1 2) 0125 
[ 2 0333 | 2 0006 2| Παν 2 | 31’ 12” 3 | 046875 
Е 05 Е 0008 3| и 48" з | 31’ 48“ 1 2 41106 25 
4 10667 | 4 0011 4| zo" 4 | 327 24" 5 | 107 8125 
5 | 10833 | 5"| .0014| 0505 | 3 09.55 | 33’ 3 ὁ | 09375 
6 10 6 0017 6| 3 36“ 6 | 38“ 36" 7 | 10 9375 
7 1167 |7 10019 7 | 4 12" 7 | 3612} £ 2 4 8] 125 
8 1333 | 8 0022 8| 4 48“ 8 | 34 48” 9 | .14 0625 
9 15 9 0025 9| 5 24“ 9 | 35 24" 5 10 | .15 625 
10" | 0°.1667 | 10" | 0°.0028 | 0°10 | © 0°.60 | 36 и | 171875 
i ' 1833 | ! 0031 1| 636" 1 | 36 36” з 6 12 | .18 75 
j 2 20 2 0033 2) пе 2 | or 1 13 | 20 3125 
| 3 2167 | 3 0036 3| 748“ 3 | 37 48“ 7 14 | 21 875 
4 2333 | 4 0039 4| 6 24” 4 | 38 24" 15 | .23 4375 
15] 25 15” | 10042 | 015 | 9 0°.65 | 39' 2 4 8 11.25 
6 667 | 6 044 6 | 936" 6 | 39’ 36" 17 | .26 5625 
7 833 | 7 :0047 7 | 10 12” 7 | 4v 12" 9 18 | .28 125 
8 30 8 2005 в | 10 48" в | 40" 48" 19 | .29 6875 
; 9 3167 | 9 0053 9 | uw 24” 9 | 4r 24" 5 10 20 | 3125 
L^ 20 | 053333 | 20" | 0°.0056 | 0°.20 | 12 оло | 42, 21 | 32 8125 
1 35 1 0058 I | 1736” т | 4256” И 22 | 34 375 
2 3667 | 2 0061 2. || 137027 2 | 43 12” 23 | .35 9375 
8 3833 | 3 0064 3 | 13, 48“ 3 | 4340" 3 6 12 24| 375 
4 д0 4 9067 4 | 14 14 4 | 44 24” 25 | .39 0625 
25 | 4167 | 25“ | -0069 | 0?.25 | 15° 95.75 | 45 13 26 | 40 625 
6 14333 | 6 «0072 6 | 15“ 36“ 6 | 45 36" 27 | 42 1875 
7 45 7 -0075 7 | 16 12 7 | 46° 12” 7 4 28 | 4375 
8 14667 | 8 0078 8 | 16" 48“ в | 46 48" 29 | 45 3125 
9 4833 | 9 0081 9 | 17 24" 9 | 47" 24“ 15 30 | .46 875 
зо' | 0°50 | 30” | 050083 | 0°.30 | 18 0°.80 | 48" 31 | 148 4375 
1 5167 | 1 0086 1 | 18° 36“ 1 | 48°36" | 4 8 16 32 | :50 
2 “5333 | 2 .0089 2 | 19“ 12" 2 | 49’ 12" 33 | 31 5625 
3 155 3 .0092 3 | 19° 48" 3 | 49' 48" 17 34 | .53 125 
4 15667 | 4 .0094 4 | 20 24" 4 | 50" 24" 35 | .54 6875 
35 | 15833 | 35" | «0097 | 0*35 21’ 0°.85 | 51’ 9 18 36 | .56 25 
6 760 6 οἱ 6 | 21° 36” 6 | 51’ 36“ 37 | .57 8125 
7 6167 7 0103 7 | 22 12" 7 | 52 12" 19 38 | .59 375 
8 16333 | 8 .0106 8| 22 48" 8 | 52 48" 39 | .60 9375 
9 165 9 .0108 9 | 23 24" 9 | 53" 24" 5 10 20 40| .625 
40 де. 6667 | 40" | 0°.0111 0°.40 | 24 0°.90 | 54 41 | .64 0625 
6833 | ! 0114 1 | 24 36" 1 | 54 36“ 21 42 | 165 625 
1 70 1 10117 2: || 25° 127 5% [1° 43 | 67 1875 
Я 17167 3 10119 3 | 25“ 48” 3 | 55’ 48“ И 22 44 | 268 75 
3 vasa | 4 0122 4 | 26 24" 4 | 56° 24“ 45 | 7ο 3125 
4, 75 45” 10125 | 0°.45 | 27 02.95 | 57 23 46 | 71 875 
45 | Ἔ 10128 6 | 27 36“ 6 | 57’ 36“ 47 | 73 4375 
F 17833 | 7 0131 7 | 28° 12" 7| 58°12" | 6 12 24 48 | 75 
"| 4 8 10133 8 | 28 487 8: | 2648 49 | .76 5625 
s | «sis | ВЕ „2 | ae 2 9 | 5% 24“ 25 50 | 78 125 
9 zb 33 | 50" | 09.0139 0°.50 | 30' 1500 | 60" 51 | .79 6875 
or Tar on vm 13 26 $ aris 
G 10144 3 | «82 8125 
2 .8667 A 0147 1 27 54 | .84 375 
7 3 3833 | 3 1015 2 55 | .85 9375 
4 90 "E 0153 Е 7 14 28 56 | 875 
55 μη В 0156 4 57 | .89 0625 
6 Е 7 0158 05.005 29 58 | .90 625 
Б 7 95 А 0161 6 59 | .92 1875 
8 .9667 0164 7 15 30 60 | .93 75 
9 19833 ὧν де 0167 8 61 | 95 3125 
во’ | 100 9 31 62 | .96 875 
0.010 63 | 98 4375 
* From L. 8. Marks, “Mechanical Engineers Handbook," McGraw-Hill ы 


Company; New York, 1958. 


Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas* 
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Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 


Reciprocal 


.017857143 
.017543860 
„017241879 
‚0169491583 
‚016666667 
„016393448 
„016129082 


.013333333 
.013157895 
.012987018 


.012195122 
.012048193 
‚011904762 
‚011764706 
‚011627907 
„011494258 
011863686 
.011235955 
.011111111 
.010959011 
.010869565 
„010752688 
010638298 
„010526316 
‚010416667 
‚010309278 
‚010204082 
010101010 


‘008819558 
008771930 


"008547009 
“008474576 


1919191989 
ИЧ 


- 


wto ht 
BUE 


tom орол со слм 
ЗЕРЕН 


ΞΕ ΒΘ 5685 
о — Ç O; ος 


Cn en en En л € C t= ие ык ы оро н» фе CO CO СО СО СО C2 CO 93 C2 CO tO tO 


- 


саара 


= 


CERES 
pen” 


- 


5 
5 
5 
5 
5 
6 
6, 
6 
6 
6 
6 
6 
7 
7 


Е 


бо са -ᾱ -1 1 
RZ 


бо нао 
Pear 
«Tere 


Bea 


рок ед. meet o i d qui θε : "nd 2d m gni p mp ox ed QU πιὰ οι ο οσα 
РЕЗ πο αἱ ЕКЕ ΕΙ ΕΕ 


š 


FE 
8 


м. 
conc 
2 «Л 
δ 159 
JO 
ow 


— 
et 
t 
© 
© 
© 


14 


Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. 


Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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ТаЫе 4-4. 


Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Table 4-4. Squares, cubes, square and cube roots, 
circumferences, and areas (continued) 
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Тор пак 


Table 4-5. Natural logarithms* 


n n (2.3026) n (0.6974-3) 
These two pages give the natural or Napierian logarithms | 1 2.3026 0.6974-3 
(In) of numbers between 1 and 10, correct to four places. | 2 4.6052 0.3948-5 
Moving the decimal point п places to the right (ог left) in| 3 6.9078 0.0922-7 
the number is equivalent to adding л times 2.3026 (or| 4 9.2103 0.7897-10 
n times 3.6974) to the logarithm. Base е = 2.718284. 5 11.5129 0.4871-12 
6 13.8155 0.1845-14 
7 16.1181 0.8819-17 
8 18.4207 0.5793-19 
9 20.7233 0.2767-21 


5994 6014 6034 6054 6074 20 


In z = (2.3026) logio x 


where 2.3026 — 


*From W. D. Cockrell, “ 
Book Company, New York, 1958. 


In 10 and 0.4343 


logio z = (0.4343) In z 
= logo e. 


2 з 4 5 6 т 8 ° [e 
iff. 
1.0 | 0.0000 0100 0198 0296 0392 0488 0583 0677 0770 0862 | ος 
1.1 | 0953 1044 1133 1222 1310 1398 1484 1570 1655 1740 | 87 
1.2 | 1823 1906 1989 2070 2151 2231 2311 2390 2469 2546 | 80 
йөз: | 20H 2700 2776 2852 2927 3001 3075 3148 321 3293 | 74 
1.4 | 3365 3436 3507 3577 3646 3716 3784 3853 3920 3988 | 69 
1.5 | 0.4055 412! 4187 4253 4318 4383 4447 4511 4574 4637 | 65 
1.6 | `4700 4762 4824 4886 4947 5008 5068 5128 5188 5247 | οι 
1.7 | 5306 5365 5423 5481 5539 5596 5653 5710 5766 5822 | 57 
1.8 | 5878 5933 5988 6043 6098 6152 6206 6259 6313 636 | 54 
1.9 | 6419 6471 6523 6575 6627 6678 6729 6780 6831 6881 | si 
2.0 | 0.6931 6981 7031 7080 7129 7178 7227 7275 7324 7372 | 49 
2.1 | 7419 7467 7514 7561 7608 7655 7701 7747 7793 7839 | 47 
2.2 | 7885 7930 7975 8020 8065 8109 8154 8198 8242 8286 | 44 
2.3 | 8329 8372 8416 8459 8502 8544 8587 8629 8671 8713 | 4з 
2.4 | 8755 8796 8838 8879 8920 8961 9002 9042 9083 9123 | 4i 
2.5 | 0.9163 9203 9243 9282 9322 9361 9400 9439 9478 951 
2.6 | 9555 9594 9632 9670 9708 9746 9783 9821 9858 9895 3 
2.7 | 0.9933 9969 “0006 «0043 *0080 — *0116 — «0152 +0168 *0225 “0260 | 36 
2.8 | 1.0296 0332 0367 0403 0438 0473 0508 0543 0578 0613 | 35 
2.9 | `0647 0682 0716 0750 0784 0818 0852 0886 0919 0953 | 34 
3.0 | 1.0986 1019 1053 1086 1119 1151 1184 12 
34. | Ви 1346 1378 1410 1442 1474 1506 1537 1569 160 2 
3.2 | 1632 1663 1694 1725 1756 1787 1817 1848 1878 1909 | 31 
3.3 | 1939 1969 2000 2030 2060 2090 219 2149 2179 2208 | 30 
3.4 | 2238 2267 22% 2326 2355 2384 2413 2442 2470 2499 | 29 
3.5 | 1.2528 2556 2585 2613 2641 2669 2 
2.6 2809 2837 2865 2892 2920 2947 2975 3002 3029 3056 27 
i 4 3191 3218 
3.8 | 3350 3376 3403 3429 3455 3481 3507 3533 3558 3584 ЕН 
3.9 | 3610 3635 3661 3686 3712 3737 3762 3788 3813 3838 | 25 
4.0 | 1.3863 3888 3913 3938 3962 3987 0 
4.1 | no 4134 4159 4183 4207 4231 pir 1275 1203 by | 2 
42 e 875 4398 44224446 4469 4493 4516 4540 4563 | 23 
р 4656 4679 4702 4725 4748 4770 
4.4 | 4816 ae | 28 
4839 4861 4884 4907 4929 #951 4974 4996 5019 | 5; 
4.5 | 1.5041 5063 5085 5107 5129 5151 5 
4.6 | 5261 5282 5304 5326 5347 5369 3390 $413 5» 2332 | 2 
47 5476 5497 5518 5539 5560 5581 5602 5623 B Sets 3 
: 686 5707 5728 5748 5769 1 
4.9 | 5892 5913 5933 5953 5974 5994 coia e PS 5532 | 20 


Industrial Electronics Handbook,” 


MeGraw-Hill 


Гор паї 


5 6 Ауд. 
Хо. 0 1 Еј 8 4 1 8 a Ave 
5.0 | 1.6094 6114 6134 6154 6174 6194 20 
5.1 6292 6312 6332 6351 6371 6390 19 
5.2 6487 6506 6525 6544 6563 6582 19 
5.3| 6677 6696 6715 6734 6752 6771 ή 
5.4| 6864 6882 6901 6919 6938 6956 is 
.5 | 1.7047 7066 7084 7102 7120 7138 M 
$6 | 7228 7246 7263 7281 7299 7317 18 
8.7 7405 7422 7440 7457 7475 7492 17 
58] 7579 7596 763 7630 7647 7664 Ἢ 
5.9] 7750 7766 7783 7800 7817 7834 [7 
918 7934 7951 7967 7984 8001 үр 
54} ав 8099 8116 8132 8148 8165 T 
6.2| 8245 8262 8278 8294 8310 8326 id 
6.3| 8405 8421 8437 8453 8469 8485 18 
6.4| 8563 8579 8594 8610 8625 8641 I 
18 8733 8749 8764 8779 8795 τὰ 
Hr rr 8886 8901 8916 8931 8946 5 
67] 9021 9036 905: 9066 9081 9095 12 
6.8 9169 9184 9199 9213 9228 9242 15 
6.9 9315 9330 9344 9359 9373 9387 14 
9473 9488 9502 9516 9530 id 
LÀ b 9615 9629 9643 9657 9671 ја 
7.2| 9741 9755 9769 9782 9796 9810 j; 
7.3 | 1.9879 9892 9906 9920 9933 9947 |} 
7,4 2.0015 0028 0042 0055 0069 0082 E 
0162 0176 0189 0202 0215 " 
P ή 0295 0308 032! 0334 0347 5 
77| 0412 0425 0438 0451 0464 0477 На 
: 78| 0541 0554 0567 0580 0592 0605 | 
a 7.9] 0669 0681 0694 0707 0719 0 n 
0807 0819 0832 0844 0857 B 
B gi 0931 0943 0956 0968 0980 Ë 
$2| лон 1054 1066 1078 1090 1102 H 
аа ша ло θὰ № na š 
3 1306 1 
8.4| 1282 1294 
1424 1436 1448 1459 12 
Ba | m 1529 1541 1552 1564 1576 12 
86 qus 1645 1656 1668 1679 1691 Та 
8. £| 1748 1759 1770 1782 1793 1804 " 
= 8,9] 186! 1872 1883 189 
994 2006 2017 2028 M 
ӯ 9.0 | 2,1972 P 05 2116 2127 2138 " 
[ 5:1| ΡΣ 2203 2214 2225 2235 2246 H 
9:2) 2102 211 22 2332 2343 2354 Ñ 
5 209 248 2428 2439 2450 2460 ἢ 
1 9. 

' 2534 2544 2555 2565 10 
J 9.5 | 2.2513 2928 2638 2649 2659 2670 10 
i 9.6] 368 2792 2742 2752 26 2773 1B 

27 pm 2834 2844 2854 2865 2875 i 
1 46 2956 
99| 2925 2935 29 
10.0 | 2.3026 
he decimal point n пе be (or left) in the number requires adding n times 2.3026 
Moving the 07 1 3) in the body of the ta». 
1 [or n times (0.6974-3)] in 
ү 
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Miscellaneous functions 


Exponential function, 105 or ez. Logarithmic function, logio z or In, z. (From Marks, 
Mechanical Engineer's Handbook, 6 ed., McGraw-Hill Book Company, New York, 
1958.) 


cosh x A? 


sinh x 
sinh x, cosh x, tanh x 
1. z= = [o m 
id i—m-0 
18 
08 т=1 2 
т= [7 
06 AES 
0.4 
= 
109 
0 
x 
— 0.4 
—0.6 — — 
0 2 4 6 8 10 12 14 


The Bessel functions Јох), J (z), Ја)... for real arguments. 
Note that Jn(—2) = (—1)=Л„(ж). 


Table 4-6. Values and logarithms of exponential and 
hyperbolic functions* 


Ξ = v: | sin cosh = ae 
Value | loge | (value) | Value | loge | Value | loge | (value) 
1.0000 | 0.00000 | 1.00000 | 0.0000 | _—= | 1.0000 | 0.00000 | 0.00000 
1.0101 00434 | 0.99005 | 0100 | 2.00001 | 1.0001 00002 | 01000 


55555 
Leges 


55585 
28988 


1.0939 .03897 .40532 
65738 | 1.0984 .04075 .41364 


66777 | 1.1030 «04256 «42190 
67797 | 1.1077 04441 «43008 
68797 | 1.1125 «04630 «43820 
69779 | 1.1174 «04822 .44624 
70744 | 1.1225 .05018 .45422 


š 


0.10 1.1052 | „088 | .90484 1002 | 1.00072 | 1.0050 | .00217 | .09967 
0.1! 1.1163 | 104777 | .89583 1102 04227 | 1.0061 | 100252 | 109% 
0.12 1.1275 | 105212 | .88692 1203 | 1.08022 | 1.0072 | 100312 | (11943 
0.13 1.1388 | 105646 | 7609 1304 11517 | 1.0085 | 100366 | 12927 
0.14 1.1503 | 106080 | .86936 1405 14755 | 1.0008 | (00424 | (13909 
0.15 1.1618 | .06514 | .86071 15% 17772 | 1.0113 | .00487 | .14889 
0.16 1.1735 | 106949] .85214 1607 20597 | 1.0128 | 00554] 15865 
0.17 1.1853 | 107383] .84366 1708 23254 | 10145 | {00625 | 16838 
0.18 1.1972 | .07817 | .83527 1810 | 1.25762 | 1.0162 | 100700 | .17808 
0.19 1.2092 | .08252 | .82696 1911 28136 | 1.0181 | 100779] (18775 
0.20 1.2214 | .08686 | .81873 | .2013 30392 | 1.0201 | «00863 | 19738 
0.21 1.2337 | (09120 | -81058 «215 32541 | 1.0221 | 00951 | .20697 
0.22 1.2461 09554 | (80252 | «2218 | 1.34592 | 1.0243 | 001043 | .21652 
0.23 1.2586 | (09989 | :79453 | .2320 36555 | 1.0266 | .01139 | 22603 
0.24 1.2712 10423 | (78663 | 2423 | 1.38437 | 1.0289 | .01239 | «23550 
0.25 1.2840 10857 | 77880 | .2526 | 1.40245 | 1.0314 | .01343 | „24492 
0.26 1.2969 11292 | (77105 | .2629 | 1.41986 | 1.0340 | .01452 | .25430 
0.27 1.3100 11726 | (76338 | 2733 | 1.43663 | 1.0367 | .01564 | .26362 
0.28 1.3231 12160 | .75578 | (2837 | 1.45282 | 1.0395 | 001681 | .27291 
0.29 1.3364 12595 | .74826 | .2941 46847 | 1.0423 | (01801 | .28213 
99 13029 | .74082 | «3045 | 1.48362 | 1.0453 | .01926 | .29131 
031 i 3634 13463 | (73345 | (3150 | 1.49830 | 1.0484 | «02054 | .30044 
0.32 1.3771 13897 | (72615 | .3255 51254 | 1.0516 | .02187 | .30951 
0.33 1.3910 14332 | 71892 | (3360 | 152637 | 1.0549 | 0.02323 | .31852 
0.34 1.4049 14766 | 17177 | -3466 53981 | 1.0584 | .02463 | (32748 
15200 | 70469] .3572 | 1.55290 | 1.0619 | 002607 | «33638 
E 5 i $333 15635 | 69768 | .3678 | 1.56564 | 1.0655 | «02155 | .34521 
0.37 1.4477 16069 | .69073 | «3785 57807 | 1.0692 | .02907 | .35399 
1.4623 16503 | (68386 | 3892 | 1.59019 | 1.0731 03063 | «36271 
а 1.4770 16937 | 677% | 4000 | 1.60202 | 1.0770 | 003222 | .37136 
0.40 
0.41 
0. 
0. 
0. 
0. 
0. 
0 
0 
0 


5.55: 
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R. H. Perry “Engineering Manual,” McGraw-Hill Book Company, 
*From MR. P: ? 


New York, 1959. 
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Table 4-6. Values and logarithms of exponential and 
hyperbolic functions (continued) 


er = μα C tanh z 
= Value logio ^| (value) Value Yogia | (value) 
0.50 1.6457 | 0.21715 | 0.60653 1.1276 | 0.05217 | 0.46212 
0.51 1.6653 | 2219 | 60050 1.1329 | 05419] 46995 
0.52 1.6820 | 22583 | 59452 1.1383 | 005625 | 47770 
0.53 1.6089 | .23018 | 58860 1.1438 | 05834 | 48538 
0.54 1.7160 | .23452 | 58275 1.1494 | .06046 | (49299 
0.55 1.7333 | .23886 | 57695 1.1551 .06262 | .50052 
0.56 1.7507 | .24320 | 5712 1.1609 | .0648 | 50798 
0.57 1.7683 | .24755 | 156553 1.1669 | 06703 | .51536 
0.58 1.7860 .25189 | .55990 1.1730 -06929 -52267 
0.59 1.8040 -25623 | .55433 1.1792 «07157 | «52900 
0.60 1.8221 | 26058 | 54881 1.1855 | .07389 | 51705 
0.61 1.8404 | .26492 | 54335 1.1919 | 07625 | 154413 
0.62 1.8589 26926 | 53794 1.1984 | .07861 | 55113 
0.63 18776 | .27361 | 53259 1.2051 | .08102 | 25805 
0.64 1.8965 | .27705 | 52729 1.2009 | .08346 | "56490 
0.65 1.9155 | .28229 | 52205 1.2188 | .08593 | 57167 
0.66 1.9348 | .28664 | 51685 1.2258 | «06843 | 57836 
0.67 1,9542 | .29098 | 51171 1.2330 09095 | 58498. 
0.68 1.9739 | .29532 | .50662 1.2402 | .09351 | 59152 
0.69 1.9937 | .29966 | 50158 1.2476 | .09609 | 59798 
0.70 2.0138 | .30401 | 49659 1.2552 | .09870 | (60437 
0.71 2.0340 | .30835 | 49164 1.2628 | .10134 | 61068 
0.72 2.0544 | .31269 | 48675 1.2706 | .10400 | 61691 
0.73 2.0751 | .31703 | 48191] 1.2785 | .10670 | 62307 
0.74 2.0959 | .3208 | 4771! 1.2865 | 10942] .62915 
0.75 2.1170 | .32572 | 4723 1.2947 1216 | .635 
0.76 2.1383 | .33006 | 46767 1.3000 | 11493 rn 
0.77 2.1598 | .33441 | 46301 1.3114 | .11773 | (64693 
0.78 2.1815 | .33875 | 4584 1.3199 | .12055 | 65271 
0.79 2.2034 .34309 . 45384 1.3286 12340 „65841 
0.80 2.2255 | 34744 | 44933 1.337: 

0.81 | 2.2479 | 35178] "44486 [зм | 12017 pos 
0.82 2.2705 3 K pos 
-35612 | 44043 1.3555 13209 | 67507 
0.83 2.2933 | .36046 | 43605 1.3647 1350 i 
0,84 2.3164 Se ἘΠῚ 
"36481 | 43171 1.3740 | .13800 | 68581 
0.85 2.3396 | 0.36915 | 42741 
0.86 2.3632 | 37149 | .42316 i 3932 | 90 
0.87 ANE -M400 | 696% 
ов | 23109 | 532258 485 1.409 | DEM | 207 
0.89 2.4351 38652 | 141066 ! n i ТОНА 
0.90 2.4596 39087 
99)! | 24843 | "39501 | 20627 [491 19607 | 2169 
0.92 2.5093 | .39955 | :39852 1.4539 16254 21 
0.93 2.5345 | 140389 | (39455 1.4645 16370 72020 
0.94 2.5600 | (40824 | 39063 1.4753 16888 522 
0.95 2.5857 | 41258 | 38674 
0:96 2.6117 | 141692 | 38289 E 17208 ae 
098 т 1 17531 74428 
098 | 265 | l| -37908 3109 | HE | 174870 
. : 1.5199 18181 75307 
0.99 2.6912 42995 | 37158 1.5314 18509 | .75736 
1.00 2.7183 43429 | 36788 1.5431 18839 76159 
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Table 4-6. Values and logarithms of exponential and 
hyperbolic functions (continued) 


e= sinh z cosh z 
z e= tanh z 
(уаше) (value) 
Value logio Value | logio Value logio 
1.00 2.7183 1.1752 0.07011 1.5431 0.18839 0.76159 
1.01 2.7456 1.1907 «07580 1.5549 19171 | 76576 
102 | 27732 1:2063 | 108146 | 1.5669 19504 | 76987 
1:03 2.8011 1.2220 | ‘08708 | 1.5790 19839 | 77391 
1.04 2.8292 1.2379 09268 1.5913 20176 77789 
1.05 2.8577 1.2539 | .09825 | 1.6038 20515 | 881 
1.06 Я 1.2700 «10379 1.6164 55 .78566 
1:07 2:9154 1.2862 | 110930 | 16292 21197 | 78946 
1:08 2.9447 1.3025 11479 | 1.6421 21541 | 79320 
1:09 2.9743 1.3190 12025 | 1.6552 21886 | 79688 
1.10 3.0042 1.3356 | „12569 | 1.6685 | .22233 | 080050 
1.1 3.0344 1.3524 ШИШ 1.6820 .22582 ‚80406 
1.12 | 3.0649 1.3693 | 113649 | 1.6956 22931 | 180757 
1:13 3.0957 1.3863 14186 | 1.7093 23283 | 8102 
1.14 3.1268 1.4035 14720 1.7233 23636 81441 
31664 1.4208 .15253 1.7374 23990 81775 
Nr $185 Зв | 389 | 1.4382 | 11573 | 17517 24346 | :82104 
1.17 3.2220 50812 31037 1.4558 «16311 1.7662 24703 82427 
1.18 3.2544 51247 30728 1.4735 «16836. 1.7808 25062 82745 
1:19 3.2871 51681 | :30422 | 1.4914 | 117360 | 1.7957 25422 | 183058 
39119 | 1.5095 | .17882 | 1.8107 25784 | .83365 
! 3 335 КЫЗ men | | E 118402 | 1.8258 26146 3668 
1.22 3.3872 | “52984 | 129523 | 1.5460 | .18920 | 1.8412 26510 | -83963 
1.23 3.4212. | 153418 | 29229 | 1.5645 | 119437 | 1.8568 26876 | „Ва 
1.24 3.4556 53853 | .28938 | 1.5831 | (19951 | 1.8725 2724 
.28650 | 1.6019 | .20464 | 1.8884 | .27610 | .84828 
E: $3200 | | 128365 | 1.209 | 20975 | 1.9045 | 1299 85% 
1:27 315609 | 155155 | 28083 | 1.6400 | 2465] 1.9208 | .28349 85380 
1:28 3:596 | :55590 | :27804 | 16593 | -2098 | 1.9373 | .28721 | -83648 
1:29 3.6328 | “56024 | 27527 | 1.6788 | 122499 | 1.9540 | .29 ‘ 
.6984 | .23004 | 1.9709 | .29467 | .86172 
; H Е pe à ЖЮ 18} | 223907 | 19880 | 29842 | 186428 
: E 157307 | ΙΑ! 1.7381 | .24009 | 2003 | -30217 | -86678 
Y i 157761 | :26448 | 1.7583 | .24509 | 2.0228 | .3594 | -86925 
š ; 158195 | “26185 | 1.7786 | 25008| 2.0404 | .30972 | . 
«25505 2.0583 ‚31352 87405 
4 j 3| еј! “Bion “20002 2.0764 | .31732 | .87639 
1 3: 159064 | 25666 | I. UNE! ο 
i E E Eu "26090 2n 132495 | (88095 
z А E “24908 | 1.8829 | (27482 | 2.1320 | «3278 | «88217 
4 2.1509 .33262 .88535 
ç 4.0960 E EH 1:9259 ЗН | 21900 “33687 | 8878 
ἃ β 161670 zn I MU E 2:290 Qo | Δι 
к d 162535 :23693 | 1.9919 | :299% | 2.2288 | .34807 | .89370 
.23457 2.0143 .30412 2.2488 .35196 89569 
w Е Sa 223857 | 20309 | 30896 | 2.2691 | 35985 | 189765 
ШЕ IE ЛЕ JE IEEE WE: 
у ἢ F а 2.0827 | 31 К 4 1 
w f à $410 i 2237 21059 | 132343 | 2.3312 | .36759 | .90332 
: 65144 | 22313 | 2.1293 | .32823 | 2.3524 | .37151 | .90515 
„е | Bill Mrd ыш „м ——— 
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Table 4-6. Values and logarithms of exponential and 
hyperbolic functions (continued) 


эт = ущ исм Oe ae em 
8 33352 23823 зава завез зычыы 


ЕЕ 


Туум мире eseas 
ЕЧЕШЕ ГЕ 


sinh z cosh z 
tanh z 
(value) 

Value logio Value logio 
2.1293 | 0.32823 | 2.3524 | 0.37151 | 0.90515 
2.1529 .33303 | 2.3738 -37545 .90694 
2.1768 33781 2.3955 37939 .90870 
2.2008 34258 | 2.4174 334 .91042 
2.2251 34735 | 2.4395 38730 91212 
2.2496 -35211 2.4619 -39126 -91379 
2.2743 E 2.4845 -39524 -91542 
2.2993 -36160 | 2.5073 -39921 «91703 
2.3245 36633 | 2.5305 «40320 .91860 
2.3499 37105 | 2.5538 40719 | 92015 
2.3756 37577 | 2.5775 41119 .92167 
2.4015 2.6013 .41520 .92316 
2.4276 38518 | 2.6255 «41921 .92462 
2.4540 38987 | 2.6499 | 42323 | "92606 
2.4806 39456 | 2.6746 „42725 .92747 
2.5075 .39923 | 2.6995 «43129 -92886 
2.5346 «40391 2.7247 “43532 «93022 
2.5620 .40857 | 2.7502 -43937 -93155 
2.5896 -41323 | 2.7760 «44341 «93286. 
2.6175 41788 | 2.8020 44747 “93415 
2.6456 «42253 | 2.8283 45153 «93541 
2.6740 «42717 | 2.8549 45559 «93665 
2.7027 «43180 | 2.8818 45966 .93746 
2.7317 „43643 | 2.9090 46374 93906 

. 7609 „44105 | 2.9364 46782 94023 
2.7904 «44567 | 2.9642 «47191 94138 
2.8202 | «45028 | 2.9922 | 14760) ‘94089 
2.8503 | .45488 | 3.0206 | 48009 | 19436 
2.8806 45948 .0492 «48419. “94470 
2.9112 46408 | 3.0782 «48830 «94576 
2.9322 | «46867 | 3.1075 | 0.49241 | деву 
2.9734 | 147325 | 3.1371 -49652 | 194783 
3.0049 | 147783 | 3.1669 50064 | "04884 
3.0367 | 14824] | 3.1972 50476 | 94983 
3.0689 .48698 | 3.2277 50889 .95 
3.1013 „49154 | 3.2585 .51302 95175 
3.1340 «49610 | 3.2897 -51716 95268 
3.1671 «20066 | 3.3212 -52130 95359 
3.2005 -50521 3.3530 “52544. 95449 
3.2341 | .50976 | 3.3852 | :52959 | 10937 
3.2682 «51430 | 3.4177 .53374 -956; 
3.3025 | .51884 | 3.4506 | 753789 | ‘geoad 
3.3372 | .52338 | 3.4838 | 154205 | `95792 
3-722 | 52791 | 3.5173 | ња | 8 
3.4075 | .53244 | 3.5512 | 155038 | “93943 
3.4432 -53696 | 3.5855 «55455 
3432 | -54148| 3.6201 | 155872 | 190002 
2.806 | .34600 | 3.6551 | 56290 | ‘90 
3.4323 | 35051 | 3.6904 | 156707 | ду 
3.5894 -55502 | 3.7261 57126 96331 
3.6269 :55953 | 3.7622 
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Table 4-6. Values and logarithms of exponential and 
hyperbolic functions (continued) 


oo 


е sinh z cosh z 
= 
š (value) e z 
Value | logio Че | maa | Yu | d | 
2.00 | 7.3891 | 0.86859 | 0.13534 
200 | 7463 | 0.87293 | 13399 0.25993 0.57544 | 0.96403 
202 | 7538} | 0.87727 156853 Ere 
2.03 7.6141 | 0.88162 13134 157303 -26541 
24 | 76906 | 0.88596 | :13003 187753 ο 
205 | 7.7679 | 0.89030 | 1283 1 
2:06 0.89465 | 112745 E] "2000 
2-07 | 7.9248 | 0.89899 | 112619 159099 96803 
2:08 0045 | 0.90333 | 112493 159547 г 
209 | 80849 | 0.90768 | .12369 :39995 96926 
2.10 | 8.1662 | 0.91202 | „12246 
211 8.2482 | 0.91636 | .12124 p 97045 
$i) | 83311 | 0.92070 | 11203 161337 ono 
Ζ | 8449 | 0.92505 | -11884 161784 7152 
28 | 84994 | 0.92939 | 111765 160931 qua 
215 | 8.5849 | 0.93373 | -11648 
215 | 8.671 | 0.93808 | .1153 rad 7323 
2.17 8.7583 | 0.94242 | .11418 63569 97375 
28 | 68463 | 0.94676 | -11304 ΠΗ 97426 
219 | 89352 | 09510] 11192 97477 
20 | 9.0050 | 0.95545 | -11080 po: 
22 | $n | 0.95979 | 110970 | 4. “65380 97271 
22 | 3:2073 | 0.96413 | ΒΘ | 4.544 | -65793 μα] 
2.22 | ую | 09648 | .10753 | 4.5962 | -66240 95 
28 | 9395 | 0.97282 | -10646 | 4.6434 | 66684 аа 
25 | 9487 | 0.97716 | 10540 | 4.6912 | -67128 
29 110435 | 4.2394 | 167572 Б 6 
227 10331 | 4.7880 | .68016 68943 | .97 
2:28 10228 | 4.8372 | 68459 оа | 197929 
79 10127 | 4.8868 | 68903 69798 | `97970 
10026 | 4.9370 | .693% 
331 ово | 1006) ΠΕ 70015 | 399 
2x ото | 3:003 | “ος 71497 | A 
233 11425 | zn 71923 | `98161 
09537 | 5.1951 | -71559 | 5.29 
2.35 09537 | И | Mer xw | ΠΗ! 395 
2:36 17277 98233 
23 09546 | 5.3020 | (72444 | 5.3954 | (73203 | .98267 
2:38 09255 | 5.3562 2885 | 5. 73630 9830] 
238 09193 | 5.4109 | 73327 | 5.5026 | 174056 | 98335 
μι ЧЕ ЕНЕ ЧЕ. 
24 3 x 108892 | 5.5785 | «74652 | 5.6674 ἼΘΙ οι 
24 : à 08804 | 5.6354 | 175093 | 5.7235 | 175766 | 98462 
28 : { oaie | 56929 | (75534 | 5.7801 | .76194 | 198492 
| Й 08629 | 5.7510 | .75975 | 5.8373 | .7621 
2.45 à Че | 08943 | 5.8097 | 1765 | 5.8951 Ji | ов 
2.46 08458 | 5.8689 | 
2747 й { 0868 | 3.889 106856 | 5.9535 | (77477 | 98579 
248 jl у Жз 2.08 Я .77296 6.0125 .77906 .98607 
2749 4 й .989: 77737 6.0721 ‚78334 .98635 
150 | 12.182 | | 08208 | 6.0502 | .78177 | 6.1323 | 078762 | .98661 
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Table 4-6. Values and logarithms of exponential and 
hyperbolic functions (continued) 


m sinh 2 cosh z 
ы єт tanh z 
(value) 
Value logio Value logio Value шо | “48 
2.50 12.182 1.03574 | 0.08208 6.0502 0.78177 * i 
2.51 12.305 | 1.09008 | 08127 | 6.1118 | 78617 $195 ΚΗ и 
2.52 12.429 1.09442 «08046. 6.1741 .79057 6.2545 79619 198714 
2.53 12.554 1.09877 -07966 6.2369 -79497 6.3166 “80248 98739 
2.54 12.680 1.10311 07887 6.3004 -79937 6.3793 77 98764 
2.55 12.807 1.10745 07808 6.3645 
2.56 12.936 | 1.11179 | 107730 | 6.4293 ΠΗ ped Ed E 
2.57 13.066 | 1.1614 | 07654 | 6.4046 81256 | 6.5712 | ‘81764 | да 
2:58 13.197 | 1.12048 | 07577 | 6.5607 81695 | 6.6365 82194 | 194088 
2,59 13.330 | 1.12482 | 107502 | 6.6274 82134 | 6.7024 82623 | ава 
2.60 13.464 | 1.12907 | 07427 | 6. 
2. 8 ! 3.59 ! У 135 1 07353 6, p ΕΠΗ Hos 83482 $92 
i É 9 6.8315 | 183451 | 6.9043 | 83912 
2.63 13.874 | 1.14219 i ΤΗ 
2:64 14013 | 1.14654 | ΡΕ 6:9709 184529 DE E p 
2.65 14.154 1.15088 „07 
2.6 14.26 ! 1522 3093 ГИ 183206 ; 1831 “83031 99026 
š , «06925 | 7.1854 85645 | 7.2546 | ` 
28 14.440 š А -86061 | ᾿99045 
ЕК ЛЕЛЕ В. 
2.70 14.880 | 1.172 | 
2n 13.029 1117694 ΚΗ ΜΗ 187398 139 375 E 
y 8 1.18128 И s Е j 1 
25 13.335 1.18562 106522 {04 КЕ 1991 E E 
š z 1.18937 | 106457 | 77112 88712 | 7.775 3 “391 
ἢ “7758 | 189074 | ᾿99170 
2.75 15.643 | 1.19431 ; 
226 15:800 | 1.194891 -06393 7.7894 | .89150 | 78533 | 4005 99186 
216 15.959 | 1720300 | “peace | 9693 | 189588 | 79316 | 50305 99202 
2 16.19 | 120734 | κάν | 2.0480 | `90% вш | 22226 199218 
2.79 16.281 | 1.21168 | 106142 | 800% “30961 ДАЯ 9129 99248 
x š Β 99248 
2.80 16.445 | 1.21 
28, | ей | 1:2207 | ΚΝ 81919 | 91330 | 8222 | ушу 926 
28 16.777 | 1.22471 | 205968 | 8 3236 9018 B йр 322 9924 
ти iie [ΒΜ | sae | 188 | | IE dE ш 
8.5287 93088 8.5871 «93385. 99320 
2.85 17.288 1.23774 05784 8.61 
8 | 17462 | 2008 | 205792 8650 | 455525 | 8.6728 | овие 99333 
25 | ΕΡΕ ΩΣ | 398 δν | | 99346 
ў | 1.25077 | 1056 F А ος 
MALAE IEEE IE ЧЕ Te 
2.90 18.174 1.25945 05502 9.0596 М poen E 
Zos | 8357 | 1226380) ος ΣΣ | σι | 9.46 | оу 29226 
2. E 18. 54 1 ! E Ji 4 05393 | 9 2437 E 5:576 196997 S 
; j 05340 Я : ot 
2.94 18.916 | 1.27683 | ‘05287 98 945 ВИН E En ! 
2.95 19.106 | 1.28117 | .05234 | 9.5268 07895 | 5 Fol κ. 
236 | 19:28 | го | 209122 | 2.5268 198331 vga 983 | .99454 
2. er 19. 2: 1.28985 05130 | 9.7203 | гади Е КИН 98997 Fr 
š { -29420 | 105079 | 9.888 | ` 7 a | e 
2:99 19.886 | 1.29854 | 05029 | 9:915; š 900 9:368) pud pr 
3.00 20.086 1.30288 04979 10 | 
. 018 
1.00078 | 10.068 99505 
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Table 4-6. Values and logarithms of exponential and 
hyperbolic functions (continued) 


e sinh z cosh z 
"n == tanh z 
(value) (value) 
Value logie Value logio Value logio 

00 1.30288 | 0.04979 | 10.018 | 1.00078 | 10.068 | 1.00293 | 0.99505 
05 1.32460 | 04736 | 10.534 | 1.02259 | 10.581 | 1.02454 | 0.99552 
10 1.34631 | 104505 | 11:076 | 1.04440 | 11.122 | 1.04616 | 0.99595 
15 1.36803 | 104285 | 11.647 | 1.06620 | 11.690 | 1.06779 | 0.99633 

20 1.38974 | (04076 | 12.246 | 1.08799 | 12.287 | 1.08943 | "0. 
25 | 25.790 | 1.41146 | .03877 | 12.876 | 1.10977 | 12.915 | 1.11108 | 0.99700 
30 | 27.113 | 1.43317 | 103688 | 13.538 | 1.13155 | 13.575 | 1.13273 | 0.9972 
35 | 28503 | 1.45489 | .03508 | 14:234 | 1.15332 | 14.269 | 1.15439 | 099754 
40 | 29.964 | ! 103337 | 14.965 | 1.17509 | 14.999 | 1.17605 | 0.99777 
45 | 31.500 | 1.49832 | .03175 | 15.734 | 1.19685 | 15.766 | 1.19772 | 0.99799 
50 | 33.15 | 1.5200; «03020 | 16.543 | 1.21860 | 16.573 | 1.21940 | 0.99818 
55 | 34813 | 1.54175 | 102872 | 17.392 | 1.24036 | 17.421 | 1.24107 | 0.99835 
go | 36.598 | 1.56346 | 02732 | 18.286 | 1.26201 | 18.313 | 1.26275 | 0.99851 
6 | 38.475 | 1.58517 | 02599 | 19.224 | 1.28385 | 19.250 | 1.28444 | 0.99865 
70 | 40.447 |1 102472 | 20.211 | 1.30559 | 20.236 | 1.30612 | 0.99878 
75 42.521 | 1.62860 | .02352 | 21.249 | 1.32733 | 21.272 | 1.32781 | 0.99889 
το | 44.701 | 1.65032 | 10287 | 22:339 | 1.34907 | 22.362 | 1.34951 | 0.99900 
85 | 46.993 | 1.67203 | .02128 1486 | 1.37081 | 23.507 | 1.37120 | 0.99909 
89 | 49.402 | 1.69375 | 102024 | 24.691 | 1.39254 | 24.711 | 1.39290 | 0.99918 
95 51:935 | 171546 | .01925 | 25.958 | 1.41427 | 25.977 | 1.41459 | 0.99926 
54.598 | 1.73718 | .01832 | 27.290 | 1.43600 | 27.308 | 1.43629 | 0.99933 
60.340 | ! 101657 | 30.162 | 1.47946 | 30.178 | 1.47970 | 0.99945 
$6686 | 1.82404 | 01500 | 33.336 | 1.52291 | 33.351 | 1.52310 | 0.99955 
3:700 | 1.86747 | 101357 | 36.843 | 1.56636 | 36.857 | 1.56652 | 0.99963 
81:451 | 191090 | 101227 | 40.719 | 1.60980 | 40.732 | 1.60993 | 0.99970 


833555 55858 
ә 
E 
E 
E 
Ка 
x 
& 
i 
2 

А 
& 
8 
š 


00 i 
10 | 164.02 Я 
2725833 | :00552 | 90.633 | 1. 
2 181-27 | 2306 | 200499 | 100.17 | 2.00074 | 100.17 00074 | 099995 
30 | 200-30 | 236519 | 200452) 10:70 | 2.04415 | 110.71 | 2.04417 | 0.99996 
.38862 | .00409 | 122.34 | 2.08758 | 122.35 | 2.08760 | 0.99997 
а ΕΠ 3.38053 | 00570 | 135.21 | 2.13101 | 135.22 | 2.13103 | 0.99997 
9 | 744 | 2.47548 | 00335 | 149.43 | 2.17444 | 149.44 | 2.17445 | 0.99998 
70 | 29530 | 2.51891 | 00303 | 165-15 | 2.21787 | 165.15 | 2.21788 | 0.99998 
80 | 390-00 | 23624 | :004 | 182.52 | 2.26150 | 182.52 | 2.26131 | 0.99998 
00248 | 201.71 | 2.30473 | 201.72 | 2.30474 | 0.99999 
5 BH 2.00274 | 00193 | 2590! | 2.41331 | 25901 | 241331 | 0.99999 
š 38.0 | 28291 | “0010 | 332.57 | 2.52188 | 332.57 | 2.52189 | 1.00000 
50 | 96.14 | 293149 | 0017 | 427.03 | 2.63046 | 427.03 | 2.63046 | 1.00000 
15 | мое | 3.04006 | 00001 | 548.32 | 2-78905 | 548.32 2.73903 | 100000 


.00055 904.02 2.95618 904.02 2.95618 1.00000 
1805.0 | 3.23777 | 100054 | 1490.5 | 3.17333 | 1490.5 | 3.17333 | 1.00000 


5 sesen MeSeR HT мили ааа dede e dede |ы BEBYE LUBE wayayay 


50 
00 | 29810 00020 | 2457.4 | 3.39047 | 2457.4 | 3.39047 | 1.00000 
5 | 9483 62140 | 00012 | 4051.5 | 3.60762 | 4051.5 | 3.60762 | 1.00000 
00 | SH! | jo | αὶ’ | 6679.9 | 3:827 | 6679.9 | 3.82477 | 1.00000 
woo | жю. | 434204 | 30005 | поз. | 40891 | пов. | 4.049 | 1.0000 
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Table 4-7. Gamma and factorial functions: T (z) = (y)!* 


v 0 1 2 3 4 5 6 7 8 9 
А 
9949 

9988 | 9983 | 9977 | 9971 | 9966 | 9960 | 9954 
F| о а ase 9927 | 9921 | 9916 9910 9905 3899 9894 
: 9867 | 9862 
2| 2| 9888] 9883| 9878 | 9872 КЕЛ БП 
9825 | 9820 | 9815 | 9810 | 980 

| 3. 514} 359| $9 9769 | 9764 | 9759 | 9755 | 9750 | 9745 | 9740 
92 

9730 | 9725 | 9721 | 9716 | 9711 | 9706 | 9702 | 9697 | 96 
| ај Ж 9683 | 9678 9673 | 9669 | 9664 | 9660 | 9655 | 9651 | 9646 
Z| 7| 9642] 9637] 9633 | 9628 | 9624 | 9619 | 9615 | 9610 | 9606 | 9605 
8| 8) 9597| 9593 9589 | 9584 | 9580 | 9576 | 9571 | 9567 | 9563 | 9592 
9| 9| 9555; 9550| 9546 | 9542 | 9538 | 9534 | 9530 | 9526 | 9522 | 9518 
514 | 9509 | 9505 | 9501 | 9498 | 9494 | 9490 | 9486 | 9482 | 9478 
Ὧν > 9474 3470 | 9466 | 9462 | 9459 | 9455 | 9451 | 9447 | 9443 | 9440 
2| 3436| 9432| 9428 | 9425 | 9421 | 9417 | 9414 | 9410 | 9407 | 9404 
3| 9399] 9396 | 9392 | 9389 | 9385 | 9382 | 9378 | 9375 | 9371 | 9303 
4| 9564] 9360 | 9357 | 9354 | 9350 | 9347 | 9344 | 9340 | 9337 | 9393 


5 9330 9327 | 9324 | 9321 9317 | 9314 | 9311 9308 | 9304 | 9301 
6 9298 9295 | 9292 9289 9285 9282 9279 9276 9273 9270 
7 9267 9264 | 9261 9258 9255 9252 9249 9246 9243 9240 
8 9237 9234 9231 9229 9226 9223 9220 9217 

9 


9214 | 9212 
9209 9206 | 9203 9201 9198 9195 9192 9190 9187 9184 


ы 


м awn- 
$ мочен »sww—OÓ oocouou вино coun 
PI 


0.20 9182 9179 | 9176 9174 9171 9169 9166 9163 9161 9158 
1 9156 9153 9151 9148 9146 9143 9141 9138 


9136 | 9133 
2 9131 9129 | 9126 | 9124 | 9122 | 9119 9117 | 9114 | 9112 | 9110 
3 9108 9105 | 9103 | 9101 9098 | 9096 | 9094 | 9092 9090 | 9087 
4 9085 9083 | 9081 9079 | 9077 | 9074 | 9072 9070 | 9068 | 9066 
5 9064 9062 | 9060 | 9058 | 9056 | 9054 9052 | 9050 | 9048 | 9046 
6 9044 9042 | 9040 | 9038 | 9036 9034 | 9032 | 9031 9029 9027 
7 9025 9023 | 9021 9020 | 9018 | 9016 | 9014 9012 | 9011 9009 
8 9007 9005 | 9004 | 9002 | 9000 8999 | 8997 | 8995 | 8994 8992 
9 8990 8989 | 8987 | 8986 | 8984 8982 | 8981 8979 | 8978 | 8976 
1.30| 0.30 8975 8973 | 8972 | 8970 | 8969 8967 | 8966 | 8964 8963 | 8961 
1 8960 8959 | 8957 | 8956 | 8954 8953 | 8952 | 8950 | 8949 8948 
2 8946 8945 | 8944 | 8943 | 8941 8940 | 8939 | 8937 | 8936 8935 
3 8934 8933 | 8931 8930 | 8929 | 8928 | 8927 8926 | 8924 8923 
4 8922 8921 8920 8919 8918 8917 8916 8915 8914 8913 
5 8912 8911 8910 8909 8908 8907 8906 8905 8904 8903 
6 8902 8901 8900 8899 8898 8897 8897 8896 8895 8894 
7 8893 8892 | 8892 8891 8890 8889 8888 8888 8887 8886 
8 8885 8885 | 8884 | 8883 | 8883 8882 | 8881 8880 | 8880 | 8879 
9 8879 8878 | 8877 8877 8876 8875 8875 8874 8874 8873 
1.4 0.40 8873 8872 | 8872 8871 8871 8870 8870 8869 8869 8868 
1 8868 8867 | 8867 | 8866 | 8866 8865 


8865 | 8865 8864 | 8864 

8864 8863 | 8863 | 8863 | 8862 8862 | 8862 | 8861 8861 8861 
8860 | 8860 | 8860 | 8859 8859 | 8859 | 8859 8858 | 8858 

8858 8858 | 8858 | 8858 | 8857 8857 | 8857 | 8857 8857 | 8857 


>» 
ЕЗ 
ЕЗ 
ЕЗ 
5 


5 8857 8857 | 8856 | 8856 | 8856 8856 | 8856 | 8856 | 8856 8856 
6 8856 8856 | 8856 | 8856 | 8856 8856 | 8856 | 8856 8856 | 8856 
7 8856 8856 | 8856 | 8857 | 8857 8857 | 8857 | 8857 8857 | 8857 
8 8857 8858 | 8858 | 8858 | 8858 8858 | 8859 | 8859 8859 | 8859 
9 8861 8861 8861 8862 


чао 


8859 8860 | 8860 | 8860 | 8860 


1.50 | 0.50 8862 8863 | 8863 | 8863 | 8864 8864 | 8864 | 8865 8865 


8866 ч 
T(z) = / 


= š 
ο пеач и. . Ue dt = ΤΙ + y) a : 


For higher values of argument 


ri) = e= ορ а луш дуги оу... МЕ 
al = аф Мада... 3 : 
Example: ТАЛ) = (3.7)! = 37 X 2.7 X 17 X 0.9086 = 15.43. з 
“From H. Е. Etherington, 


“Nuclear Engineering Handbook," МеСь y-Hi , sa 
Book Company, New York, 1958. raw-Hill 


Table 4-7. Gamma and factorial functions: l'(r) = и! (continued) 


xy D 1 2 3 4 5 6 7 8 9 
= 
1.50 | 0.50 | 0.8862 | ввоз | 8863 | 8863 | 8864 | 8864 | 8864 | 8865 | 8865 | 8866 
Ἢ "| 8866 | 8866 | 8867 | 8867 | 8868 | 8868 | 8869 | 8869 | 8869 | 8870 
l| 2| авло 8871 | 8871 | 8872 | 8872 | 8873 | 8873 | 8874 | 8875 | 8875 
3 3 8876 8876 8877 8877 8878 8879 8879 8880 8880 8881 
3| 4| 882 | 8882 | 8883 | 8884 | S884 | 8885 | 8886 | 8887 | 8887 | 8888 
s| s| вв | вввә | 8890 | 8891 | 8892 | 8892 | 8892 | 8894 | 8895 | 88% 
2| Ф|] авав ввоз | 8898 | 8899 | 8900 | воот | 8901 | 8902 | 8903 | 8904 
é| $| ἔθος] 8906 | 8907 | 8908 | 8909 | 8909 | вото | 8911 | 8912 | 8913 
2| 1] gora| 8915 | 8916 | 8917 | 8918 | 8919 | 8920 | 8921 | 8922 | 8923 
8925 | 8926 | 8927 | 8929 | 8930 | 8931 | 8932 | 8933 | 8934 
9| 9| 892 
so | o| 8935] возе | 8937 | 8939 | 8940 | s941 | 8942 | 8943 | 8944 | 8946 
š 0 6937 | 8948 | 8949 | 8950 | 8952 | 8953 | 8954 | 8955 | 8957 | 8958 
l l| 89591 8961 | 8962 | 8963 | 8964 | 8966 | 8967 | 8968 | 8970 | 8971 
2| 2| 52| 8974 | 8975 | 8977 | 8978 | 8979 | 8981 | 8982 | вова | 8985 
8 288 | 8989 | 8991 | 8992 | 8994 | 8995 | 8997 | 8998 | 9000 
4| 4| вове 8 
5| зоот | 9003 | 9004 | 9006 | 9007 | 9009 | 9010 | 9012 | 9014 | 9015 
5] 5) Фу; | 9018 | 9020 | 9021 | 9023 | 9025 | 2026 | 9028 | 9030 | 9031 
é| Š] 90121 9035 | 9036 | 9038 | 9040 | 9041 | 9043 | 9045 | 9047 | 9048 
7| | Ф| 9052 | 9054 | 9055 | 9057 | 9059 | 9061 | 9062 | 9064 | 9066 
8| В] рев | 9020 | 9071 | 9073 | 9075 | 9077 | 9079 | 9081 | 9083 | 9084 
в | 9090 | 9092 | 9094 | 9096 | 9098 | 9100 | 9102 | 9104 
ло | 70) 3986| Эв | эмо | 92 | 914 | 9116 | 9118 | 9120 | 9122 | 9124 
; "| 9106) 9128 | 9130 | 9132 | 9134 | 9136 | 9138 | 9140 | 9142 | 9145 
2] 2| 26 one | 9151 | 9153 | 9155 | 9157 | 9160 | 9162 | 9164 | 5166 
3| i| seb sizo | 9173 | 9175 | 9177 | 9179 | 9182 | 9184 | 9186 | 9188 
9195 | 9197 | 9200 | 9202 | 9204 | 9207 | 9209 | 9211 
5| 5| 3191| 32e | 9218 | 9221 | 9223 | 9226 | 9228 | 9230 | 9233 | 9235 
s 6) 3214| 9240 | 9242 | 9245 | 9247 | 9250 | 9252 | 9255 | 9257 | 9260 
7| 7| 988 9268 | 9267 | 9270 | 9272 | 9275 | 9277 | 9280 | 9283 | 9285 
8) | завј 9200 | 9293 | 9295 | 9298 | 9301 | 9303 | 9306 | 3309 | 9511 
319 | 9322 | 9325 | 9327 | 9330 | 9333 | 9335 | 9338 
„вој во] 9914) 9318 | 9346 | 9349 | 9352 | 9355 | 9357 | 9360 | 9363 | 9366 
! 1| 9341 | 9342 | 9374 | 9377 | 9380 | 9383 | 9385 | 9388 | 9291 | 9394 
2 2] 3368] 287 | 9403 | 9406 | 9408 | 9411 | 9414 | 9417 | 9420 | 9423 
ἃ] ἢ 9397 | 9400 | 9432 | 9435 | 938 | 9441 | 9444 | 9447 | 9450 | 9453 
9465 | 9468 | 9471 | 9474 | 9478 | 9481 | 9484 
s| s| 9456] 9459 | 9493 | 9496 | 9499 | 9503 | 9506 | 9509 | 9512 | 9515 
6 6| 9487 | 9490 | 9525 | 9528 | 9531 | 9534 | 9538 | 9541 | 9544 | 9547 
7| 2| 9518] 9522) 9557 | 9561 | 9564 | 9567 | 9570 | 9574 | 9577 | 9580 
"| 4 2551 | 9387 | 9591 | 9594 | 9597 | 9601 | 9604 | 9607 | 9611 | 9614 
9628 | 9631 | 9635 | 9638 | 9642 | 9645 | 9649 
.90 90 9618 КЕН 9633 9663 | 9666 | 9670 | 9673 | 9677 | 9681 | 9684 
1 1| 9652| 9656 | 9695 | 9699 | 9702 | 9706 | 9709 | 9713 | 9717 | 9720 
2| 2| 9688) 96% | 5731 | 9735 | 9739 | 9742 | 9746 | 9750 | 9754 | 9757 
э 4 9724 | 9728 | 97a | 9772 | 9776 | 9780 | 9784 | 9787 | 9791 | 9795 
4 
9810 | 9814 | 9818 | 9822 | 9826 | 9830 | 9834 
s| 3| 278) з 2805 | 9849 | 9853 | 9857 | 9861 | 9865 | 9869 | 9873 
6 6 | 9837 9841 | gss | 9889 | 9893 | 9897 | 9901 | 9905 | 9909 | 9913 
2| 1| 9877 9881 | 9925 | 9929 | 9933 | 9938 | 9942 | 9946 | 9950 | 9954 
8 a) DH 5921 | 066 | 9971 | 9975 | 9979 | 9983 | 9987 | 9992 | 9996 
9 
9 ‚ оооо | 0004 | 0008 | 0013 0017 | 002! | 0026 | 0030 | 0034 | 0038 


τος = 09)! = 1⁄4 Мт τύ 
ον ction: Г(1.461632) = (0.461632)! = 0.885603. 


Minimum value of the fun 
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Table 4-δα. Binomial coefficients* 


C(N,0)|C(N,1) 


σαν ape 33) 


C(N,6) СО, 7) | CQN,8) |C(N,9) |C(N,10) 


Боючо воно | = 


Boo-o οι ο). 


ныны 
нынын ыыы ыы кыю 

е 

B 


1 
3 1 
6 4 
10 10 
15 20 
21 85 
28 56 
36 84 
45 120 
55 165 
66 220 
78 286 
91 364 
105 455 
120 560 
136 680 
153 816 
171 969 
190 | 1140 


Table 4-8b. Factorials* 


N! 
1.0000 
2.0000 
-0000 
-4000(1) 
.2000(2) 


-2000(2) 
-0400(3) 
.0320(4) 
-6288(5) 
-6288(6) 


.9917(7) 
.7900(8) 
.2270(9) 
.7178(10) 
.3077(12) 


-0923(13) 
5569(14) 
-4024(15) 
.2165(17) 
2.4329(18) 


E = 
Ззача еве Owco-1o0 apwne 
BROWN HF оо с› > 99 оо оо н» ел: н ο 


Ν 
21 
22 
23 
24 
25 


26 
27 
28 


40 


5 
1 
2 
6 
1 
4 
1 
8 
8 
2 
8 
2 
8 
2 
1 
3 
1 
5 
2 
8 


N! 


.1091(19) 
.1240(21) 
.5852(22) 
.2045(23) 
.5511(25) 


-0329(26) 
-0889(28) 
-0489(29) 
.8418(30) 
.6525(32) 


.2228(33) 
.6313(35) 
.6833(36) 
.9523(38) 
.0333(40) 


.7199(41) 
-3764(43) 
.2302(44) 
-0398(46) 
.1592(47) 

The number in parentheses indic 
multiplied. For example, 8! 


N 
41 
42 
43 
44 
45 


46 
41 
48 
49 
50 


51 
52 
53 
54 
55 


56 
57 
58 
59 
60 


* From W. J. Dixon and Е. J. 


2d ed., McGraw-Hill Book Company. 


Massey, 


М! 
3.3453(49) 
4050(51) 
0415(52) 
6583 (54) 
1962(56) 


τς 
6. 

2. 

1; 

5.5020(57) 
2.5862(59) 
1.2414 (61) 
6.0828(62) 
3.0414 (64) 
1.5511(66) 
8.0658(67) 
4.2749(69) 
2.3084(71) 
1.2696(73) 
j^ 
4. 
5; 


1100(74) 
0527(76) 
3506(78) 

1.3868(80) 

8.3210(81) 


1 


7 1 
28 8 1 
84 36 9 1 
210| 120 45| 10 1 
462| 330 165 55 11 
924| 792 495] 220 66 
1716| 1716| 1287| 715 286 
3003 | 3432| 3003| 2002| 1001 
5005| 6435| 6435] 5005| 3003 
8008 | 11440 | 12870] 11440] 8008 


18564 
27132 


C(N,4) C(N,5) 
1 
5 1 
15 6 
35 | 21 
70| 56 
126 126 
210 | 252 
380 | 462 
495 | 792 
715 | 1287 
1001 2002 
1365 | 3003 
1820 | 4368 
2380 | 6188 
3060 | 8568 
3876 | 11628 
4845 | 15504 | 38760 


Ν 
61 
62 
63 
64 
65 


66 
67 
68 
69 
70 
71 
72 
78 
74 
75 


76 
77 
78 
79 
80 


ates Ше power оѓ 
= 40,320. 


12376 | 19448 | 24310 
31824 | 43758 
50388 | 75582 


77520 125970 167960] 184756 


ΝΙ 
5.0758(83) 
3.1470(85) 
1.9826(87) 
1.2689(89) 
8.2477(00) 


5.4434(92) 
3.6471 (94) 
2.4800(96) 
1.7112(98) 
1.1979(100) 


8.5048(101) 
6.1234 (103) 
4.4701(105) 
3.3079(107) 
2.4809(109) 


1.8855(111) 
1.4518(113) 
1.1324(115) 
8.9462(116) 
7.1569(118) 


99 
100 


9 


N! 


.7971(120) 
.7536 (122) 
9455 (124) 
.3142(126) 
.8171(128) 


5 

4 

3 

3 

2 

2.4227(130) 
2.1078(132) 
1.8548(134) 
K 
1 
1 
1 
1 
1 
1 
9 
9 
9 
9 


6508 (136) 


-4857(138) 


.3520(140) 
.2438(142) 
-1568(144) 
. 0874 (146) 
.0330(148) 


.9168(149) 
.6193(151) 
.4269(153) 
.8326(155) 
.3326(157) 
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Le ee LL. Le. asisqa 
6969'c4g |0L6Z°OLE |$000`898 |беои"еде |детр“еде |деат"тде |веев"вер |госо“дер |6995`798 |6986'198 | 061 
120 658 11087488 |S9SI SPE |APSS'CPE |ZSI9 OFE |OSPE See |CESO'O£E | 2008555 |9096°16© [06087066 | 081 
LLY0'Lcg |9v64' $ce |γγνα’ζζε |соба“оѓе |6090'ST& | GLOS STE |PL9S ETE |60ζ6᾽ττ6 |8£60'60£ | 8098" 908 1041 
€0£9'v0g |7507'508 1111008 |}?©6°/6@ 19181906 |8919 E67 |0508`165 |8080'68c 19088956 |98/9`785 | 091 
90975465 | 6106056 |6090᾽845 |PEL8 SLZ 19089816 |008P'I2G |7508`695 |¿¿IT 296 |6986`796 | 69GL°29% | OST 


8089'005 9107806 [11960996 | 0020796 | зе0б“тег 19771056 |098G'APG |908F SHS |£8LG SHS 
0286:865 |00F8'9EZ | TOOL PES |тедо“гед |8657`085 |$665`855 |7541`955 | 98РО“ Ред 
2969212 |5998°91< 1001116 [τοις TIZ |37/5`605 | GLLT 206 1119809406 |SP66'ZOZ |2806`002 |%0@8°861 | OZT 
Z9pA 961 |L049'P6I |8864᾽ζ0] | 9OES"OGT |1997"88т |TGOP'OST | SSPE PST |CCOG'CSI |5975`08Т 6000811 | OIT 
€691'94I |IGGL'TAT | L880 SLT |S6S0°OLT |OFEO'SIT |SCIO'99I |8666°®9Т |6@86°191 |EPLG GST |00L6° 2ST | 00Т 


τοσι τησ | OFT 
08c6'TCG |A0IS'GIG | O&T 


OOLG'SST |FPLG'EST |тевб“тет |T966'0PI |тЕтО“8РТ |T9£0'OPI | ZE9O' FFT |SFGO' SFT |OTET OFT 


6141861 | 06 
11161961 |евод“рет |SEZE ZET | еуве“оет |SOPP'SCI |коге“9ат | T9GS FST |OLL9 ZZE 1069. 00Ι |/%©8°811 | 08 
9I96'91I |орео“етт |6191°&1Т |теде“ттт |9PGE GOT |9GIS'LOT |едо9“еот (0иви“еот |2656°ТОТ |$920'00I | OL 
996680 -|ербе“96 |бтоо“тб |беед“гб |®916°06 |PEOr 6S |5265`28 |биби“е8 |SSOL'ES |0006 18 09 


0@?1`08 |б1/&`85 |LL09°9L 161984 118018 |©696°15 |6089°69 990629 |9061`99 |168Р°%9 


1?8/°@9 16090019 11010 90:429 18:90 |9778 |118/7°@© | млтте |ррастбу  |9TI6'2p | OF 
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1680}; |едов“ет τος $T |ооге“ет  |GOII'GI |РОРО ОТ 151646 £089'8 C109 80099 от 
80999 соод“ FOOL'S £168'6 66206 20881 08440 0108'0 0000°0 0000°0 00 
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7705'998 |7809'598 |S£00'T98 |1707'898 [0108408 |рота"ее8 |брт9"0ев |ч050`378 |алар“ ора | теев“орв 
0776078 |0Р09°/&8 |5990`988 |/47'588 |6068`6@28 | 5908268 11151708 |биет"еав |бесе"бт8 | бриб“отв | ове 
$068°918 |S0IS'ITS |обеа“608 |2а99“908 |9180:708 |еете"108 |9076`86/ |689&`96/ | 86/96 |0626"16/ | ое 
8099'884 |2&60°98/ |6259`58/ |ζ696΄084 |дббе“8/4 |сиев“ели |рода“елд |YOlL'OLL [191-891 |©009°69/ | оде 
GEF0'E9L |8887`094 | 6786294 |ваве"еед |воев"аед |9088`09; |9162΄27, [sest sr} |едед-ари |0260°0Р/ | ose 
62997281 |TSOO'seL |ееор“аеи |геаб“бад [1186101 |8958 522 |2608᾽ζζ), |VPLL'GIL |TOPG AIL |OLOL'PIA | 078 
Z9LT'ZIL |0979`604 [0211:404 |7089"704 |1890°50 |овес“669 |5710`269 [4107769 | 046-169 |6097°689 | ose 
$5666`989 јесту"789 /€668°189 |4788:019 |е1/8-9/9 |9648᾽749 |ТОЕ8“1/9 |ббее“699 |0ζ68΄999 |сссє`}99 | ге 
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TWPS'Ot9 [17967789 |6S98'I89 | ивле“бг9 |0868`059 |ивор“а9 |3956`159 |ФРРР`619 |рроб-ото |ScST-PIO |008 
2800°Z19 [0664009 /8890°209 |0989'F09 |лдртт"г09 |6pp9'669 |9911'269 |260/`769 |ерра"абе |108/:08ᾳ |065 
08167284 [11987784 | дибе"еве |6686`649 [9087119 |18c0'GL9 [esze zzo |ерат"оло |ee49:299 |ораа“еде |085 
PALL COG |816&°095 |8288`299 |еерр“есе |proo'esg |199α΄0σα |елат"вре |атод“ера |доса"ере |древ“оре | 0/5 
ZZ6E'8ES |9596`969 | FES ees |виот“тес |0889°859 |269с`909 |твев"еас |авти“тае |6666°81с |гевеоте | дод 
(801718 |бред"тто [26787608 |7886`909 |5959`т09 |9811:ζ09 |8Є1/°66? |доте“иб |£600"T0P |9606°26Р |065 
9111`06ў [1014487 |отав“еву |еваб“евР |vigc'OSP |cSPL'SLP (8094 “ели |ζ96᾽617 |$100'0LP 1600-89 | ора 
5655`90т 8098/6905 [71719 [600704 | coz ger |еесе“тер |Z986`ISF |OSIO'OPP |*8S2`¿FF |8688°ФРР | 085 
твад" CFF |0801°ОРР [&018°/ЕР |ерор“сер |гоот“еер |087/`08? |2/6&`80Р [toto ozr |теод“едр | ивев“тар | ога 
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TEZE SOFT | LOPS ZOPT | OOLL 6681 | 0766“ IGET | S816 FEET | FFF тбет | 909“ S8ET | 7268" S8ET | TSZT” 28ΕΙ | ©666°086Т | 06S 
лево" LLET | 9618’ PLET | SEH’ SLET | SEG" GIET | 9909" IIET | бел" LILT | TELG” 0дет | У402" 8461 | 4ζΡΥ᾽ 9361 | 6849" SET | 089 
6716671 | ZEST ¿FSI | OGE ΤΕΙ | 1629“ трет | L898" SEET | 0600179861 | 1056” SET | GIGS OLET | 9788" LZET | 6440" одот | OLS 
дгге“ 2761 | 6999“ GIST | 9218“ OTST | 660" FIT | Z908 LIST | PSS" SOT | 8208" SOET | £CCO" 608 | 9606001 | YESS" 601 | 099 
фед3“ FEZI | 0800" COGI | PITE” 6861 | седе“ 98ZT | GOSS" ESZT | 2940" 182Т | LZE” 8ZGT | 6684“ одат |0878 одот | 6901" OAGT | 094 


G99" LOZT | 6929“ FIST | 1888" 1961 | 10916451 | 081F 9621 | 99/9" ESZT | ОтР6“ OSZT | 2902" ЗСТ | дадЕ "СЕТ | 0681 SST | OFS 
99000161 | дода“ LEST | 5779 PEZI | SFIS TEST | 1980°655Т | LISE IZZI | 2629" 8551 | BOG" 0221 | SILT’ BIZT | FISH’ SISI | OES 
2184" ZIZI | 4600“ OICT | 1182“ 2021 | ебед“ FOTT | 868“ TOSI | 1811`6611 | 8866" 961Т | £089" £GTT | 9296" OGIT | вара" SSTT | 089 
8629 9811 |9γ18᾽ζ811 | SOOT OSTI | 8982 LLIT | 1719 ФАЛТ | 096" TATT | PISS GOTT | STFS" 99ΤΙ | OSES 6911 | 96@1`Т9ТТ 
00178911 | 96044411 | F800" ESTI | 860" OGTT | SPOS" ДЕТТ | 6068" PTT | 881" SHIT | 698v" GETT | 2984,“ 96ТТ | 7980“ FETT | 004 


1880 тетт | £089' SSIT | 1066" 92 тт | 8960674011 | 009“ OSIT | 906" LITT | GTIG" STIT | тото" SILT | 1408" GOTT | O9ET" LOTT | 067 
SSFP POTT | 9994" TOTT | 1890“ 6601 | 9086” 9601 | 0769`$60Т | 2800" 1601 | 7858 "8801 | "669" 9801 | 1966" 2801 | ζΡΔΌ᾽ 080Τ | ОВЕ 
дево“ LLOT | L216 FLOT | GEES" ZLOT | род“ 6901 | 1118 9901 |002 FOOT | 9#@8` LOT | 8678" 8сот | 84219601 | 8209“ ESOT | ОДР 
10680901 | 9091801 | £68Y" SHOT | 0068001 | 91910701 | TFSF’ 401 | 91187801 | 06917601 | P289" 6001 | 1628 901 | 097 
6091601 | 1667 теот | 9888’ 8101 | £81 OTOL | FGTS” ETOT |198᾽0101 | $705`300Т | 5879"300Т | 1668“ 2001 | 0866᾽000Τ | 097 


1388`166 |7886'766 |5585'566 |81е9“686 |е286"986 |5758`786 |8989'I86 | FOFO'GLG |6768`926 1908516 | OFF 
1/01°1/6 |9797'896 |тег8“996 |9581'$96 |теро“096 | 4706“496 |5495`996 11089756 |5966`676 14095176 | ОБЕ 
CLCL'vv6 |8760°576 |$897`686 |6с—8`986 |SEOS PEG |19/9°186 |8/76'806 |7158'956 |1969°556 |8140"126 |057 
9871416 |$2958`916 |2еда“етб |0еве“отб |0996'406 16115406 |6084`506 |OSII'006 |1009“468 |5988`768 | OTF 
Y£L6 068 |1/199`688 |0190'488 19111788 | 6ZES 188 |9955'648 |1619°948 |SE£IO' $48 |9607°148 11908858 | OOF 
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07866461 
1580701 
©260`9161 
0471 2881 
55188681 


4969" 6081 
18180081 
(89 σ111 
8499571 
6410 STAT 


1669 9801 
FEST 8491 
4894" 6691 
684v" 1091 
0745 ELST 


0960 SPST 
8200 ` LIST 
9816 8871 
ζεζς΄ ТРТ 
0861 €EFT 


7180 °ТА6Т | Τ021 8901 
09800761 | 9081 GEGT 
96Ф1`6161 | 4795 `ОТ6Т 
1195 7881 | 67€ T88T 
OEE’ 4081 | беда" ZOST 


σ099 9681 | 884" 6681 
07626011 | "180" 4641 
9406” 6041 | 866Ρ᾽9921 
TIOL OPLI | 088° LELT 
ZL9IT'ZILI | C418 6041 


97096891 |8068°089Т 
01869991 |9977 `289Т 
8966" 9291 | 9601 COT 
S£S9'96ST | 1808" 9661 
ТЕР OLST | 6919" LOST 


4080 SPST | ПАР" GEST 
£461 FIST | 7568 `ТІСТ 
86119851 | 6188 `88FpT 
3185 `ЗЗ7Т | SOPP {91 
$898`087Т | 9699“ LEFT 


0845’ «961 
3865  9ебт 
5796 1061 
60678481 
67490781 


05160681 
GETS" ебат 
81248021 
90907641 
84979021 


9100 8291 
96096591 
0948" 1Z9T 
9700“ ебет 
5604“ PIST 


©099`966Т 
5889" 80ST 
97840851 
©069°@6#Т 
9984 ΤΟΣΙ 


12160901 
1866 ΕΕΘΙ 
PPLE POGI 
29094481 
2964" 9F8T 


БОРО" SIST 
0476 0841 
60140941 
OFET ZELT 
0619' 6041 


6791 SLOT 
65249791 
ТЎР STIT 
1181`066Т 
886 19ST 


0048᾽6601 
6784 4091 
0884 LZVT 
2098" GFT 
6500’ σσρΙ 


49176561 | 60269661 
€£0€ 0561 | 6809" 2z6T 
19831061 | 969“ 8681 
06645181 | 6668“ 6981 
8216᾽ΕΡ81 | FOFO" ТЕ8Т 


TOZT'SIST | 9865 GIST 
208981 | OGT9' £841 
9098" 4641 | 8060677611 
£086" 6ZLT | 9957" 9ZLT 
80240011 | ZEZ6" 4691 


6558 SLOT | 918Р`699Т 
9466“ 6РОТ | 9201" TFOT 
SSI9 SI9I | 1484“ CTOT 
2866724861 | TIES PSST 
09910951 | 9096“ 9ест 


OPO TEST | 9TEZ'8ZST 
1586051 | 0081" OOST 
©666`РДРТ | 0261 "дат 
8140" ДРЕТ | 9885 `РУРТ 
IGG" GIFT | ТРЕ" 9ТЕТ 


9149 ΕΞ6Ι 
тета" РебТ 
0808" 4081 
T4€6'998T 
θ691᾽8681 


9/6? `608Т 
66740811 
9TET'ZSLI 
SELG'EZLI 
2940" 4691 


8079'999T 
18068691 
1696 6091 
9FIA 18ST 
19©6°666Т 


262? дет 
9846" 4671 
3507 `697Т 
5967`ТРРТ 
8099 Т7Т 


65140901 
6128" Τζ01 
90666081 
95/0 F98T 
282 SEST 


1286°908Т 
7988” 1111 
18466711 
01640611 
6655 σ09Ι 


40086991 
PREF SENT 
2161 4091 
86088491 
81640961 


8619 одот 
6226 F6FT 
2809" 99FT 
602 8EFT 
©188`01РТ 


2088" LF6T 
£666'8I6I 
S££0' 0681 
1761 T981 
S8IIF'Z88I 


5489" £081 
STZO"SLLT 
СТР OPLI 
1698" 2111 
ζΡ86᾽689Τ 


©196`099Т 
€T109'c£9T 
0S08`F091I 
96209241 
6206`¿FSI 


0608." 61ST 
8424 Т6РТ 
918 `897Т 
+626 SEFT 
©601`80РТ 


064 
084 
OLL 
094 
05, 


ОРА 
06, 
022 
01), 
00, 


069 
089 
029 
099 
089 


079 
069 
029 
019 
009 
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1/59: FOSS | 2029" T6SZ | 89T9' 88S 4919: 4805 | 1119`5895 | 0609“ 6092 | 209 926z | борд "елее |1809`0162 909“ 2987 | 000'T 
9709 "Тдеа 1909" 198%] 04098405 | £409" C66; 0609" ZSS | атт9" GFSZ | вет9“ 9FSz |8919" EFSz | 9069 :079ὔ/ CPZO' LESZ | 066 
9869 вед | FEED’ TESZ | 889865 | $РР9`9595 | <099°5595 | 0499“ Tec |0799" 9тог | ет49"етед | 6629" OTSZ| 1289" 1062, | 086 
9909" FOSS | 4904" 1035 | PSTL 8GPZ | седи обра | 0084 26 | OLYL 0876 | Ред“ овра | COLL ESFE | 17810815 | 664 1115 | 016 
2808" РАРА | F228" тира | доев" OFS | 1148" соја | тод8" гора | от88" бере | 68 дера | S16 8675 | L086" дере | 6/26" LFFZ | 006 
4896 PERS | 6886 ` тра 9000" бере | 9120" 9575 | 1190`$ЄРб | 1190" OFFS | 9180" дера | COL FSS | SEST тор | Јерт 8115 | 096 
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6L91 STFS | 2061 ZIFZ | бета“ бога | S¿@&`90FZ | 91958075 | 2984" 007Z | SITS” 1085 | 49987685 | 4598" Tees | 168&`88Є@ | 076 
SSP S886 | СЕРР"бвег | ТЕР“ блед | £607" 92E | 18598485 | LG" OLE |6989" 982 | 0119“ ора | 9479“ T9Ez | 9829" Scez | 086 
ZOTL GSES | 1574'5985 | 9/4 `6Ъ85 | 6408" 9FES | 6078" EFEZ | 8Р/8" OPES | 1606" 1885 | берб“ FELZ | 2646“ TeEz | SPIO’ Gcez | 026 
1190" 9066 | 8480" EZEZ | OSZT “OSES | IZIT’ LITEZ | 002" PIEZ | 8685` 1185 | 6842" 80ег | бите" SOLZ | 66e" coc | $368 6666. | 016 
$687`9655 1408/6065 | 9559`0655 | 0999" 486, | 609`7855 | £199 186 | 19698154 | PEEL 9/55 | 573/`5/55 | «0080066 | 006 


0948 "9962 | 91009066 | 896" 0022 | Гет0" 8466 | тед0" сега | TIT сега, | ббет" 6755 | 160" 9FZz | 18968766 | 98050766 | 068 
9696" LEZE | IOTH PEZE | 1597" TEZZ | στις ` SCCG | 8999“ GGGG | 8619“ σσσσ | FELD GIZZ | VLL 9166 | 0284," E1ZZ | OLES OTT | 088 
9068 LOZ | 8рб" FOSS | 0900“ гога | 0290" бота | еб11"96та | 9441“ EGIZ | 0985`06т5 | 0406" двте | SESE" зата | PPIP’ 1816 | 048 
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Tables 5-1 {о 5-5 present various aspects of the normal distribution 
with mean μ and variance σ᾽, whose probability density is 


(==) = a Ἐπὶ 


σ 2т т 


Tabulated data are expressed in terms of the standardized normal dis- 
tribution with mean zero and variance one, so that 


1 
за — 22/2 
ле) = Sa 


To use the tables, convert to standard scores 


Table 5-1, intended for quick reference, employs coarse values of the 
standard scores z. Since the normal distribution is symmetrical, the ordi- 
nate of —z equals the ordinate of z, and the area lying to the left of —z 
equals the area lying to the right of z, and vice versa, Consequently, only 
positive values of the standardized deviate are listed in Table 5-1. 

Table 5-2 gives the values of the ordinate f of the normal-distribution 
density and the area A between —2 and +z as functions of the standard 
Scores z and also as functions of z = и + ze. Values of 1 — A are also 
tabulated; the area to the right of z or to the left of —z can be determined 
through division of 1 — A by 2. 

Table 5-3 lists values of the cumulative normal distribution 


Mos) = ч 1 —u?/2 J, 
Tæ) = 17 == e ди 


or simply the area to the left of z. Table 5-3 
between two standard scores z and z < 
tabulated entry for z from the entry for 

Table 5-4 lists standardized-normal-deviate scores and ordinates as a 
function of the area or proportion. The area is the cumulative proportion 
or probability, i.e., the area to the left of the standard score, Only positive 
values of z are listed, corresponding to areas iarger than one-half. For 
cumulative probabilities smaller than one-half, use column C in the t 
and assign a negative sign to the standardized-deviate score, This t 
extremely useful in a number of psychometric 
mination of standardized-deviate 
arises in a number of models used in psychophysics and psychological 
scaling. The interested reader should consult τοῖς, 5 and 11, Of particular 
interest are the applications to p data and the normal- 
ogive model for mental tests, 


also yields the area lying 
2 by simple subtraction of the 
2. 


able 
able is 

applications. The deter- 
scores as a function of proportions 


aired-comparisons 
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Table 5-5 provides a number 1 i 
Mr л of functions of р, q, 2 
od. с Δα и апа 2 and f are sp 
ο. pu Е eorresponding to p (ога) when pi сл 
Диски дин I n © ity. This table also has numerous in i Ὃ ν 
s ia à ΗΝ апа psychological scaling eeu 
τ dede Pa is particularly useful in the сыйр ре 1 я 
ра Ada and & point-biserial наг pe 
ώμος iserial coefficient by multiplication wi we 
with W/pq/f 
The binomial distribution is the probabili istri 
» in N ipe ee ceu ο πα ας 
gle trial їз р and аз $ i i "des 
tion. In particular, note that x /N е d Eug eue τ 
а sample of size N, of an event having the “true” E пара 
Table 5-6 lists exact binomial probabilities И = ==) | 
one-half and values of N from 2 through 10. СС еј a S у 
чез o 


cesses 
a "success" in a sin 


through 
2, replace р by 1 — p and X b Ν-Χ i Ч 
the table. ү to find binomial probabilities in 
For N > 10, tables of the cumulative standardized normal distrib 
1stribu- 


tion (Table 5-3) can be used to approximate binomial probabiliti 
ilities 


P(X,N) with the aid of the formula 
P(X,N) 4; H = 5 = к= ыш 
σ 
L. 
| (X 20,12, . . . N) 


where џ = Хр and o? = Np(1 — p). 
The Poisson distribution furnishes a, 
l : ribu n even bette: imati 
the binomial when p is either very small or very eee ВЫ κ 
ative binomial probabilities may also be computed E б), Шш, 
unction, also discussed below. y oss ei the 
atistical applications revolve 
8 вд : around t| i ΠΗ 
1$. Of special interest is the sign b Базош das 
les of observations (Sec. 7). ЕИ 
ilues of the cumulative Poisson distribution functi 
ν "tion 


cumul 
incomplete beta f 
A number of st 
tribution with p = 
two related samp 
Table 5-7 lists v: 


x 
P poisson (X) = > e 
k-0 


abilities P(X) can be obtained from 


ee 


(X ex Оа 


| 


k 
! 


> 


Poisson prob 

P(X) = Fpoisson( X) — Fpoissoa (X — 1) 

many scientific uses, the Poisson distributi 

2 : A sson distribut Ç 

oximation to the binomial distribution рт 

а! distribution is small and N is relativ ly 

tion is used the parameter t of the sie E 
sson 


In addition to its 1 
vides an excellent appr 
parameter p of the binomi 


large. When this approxima 
183 


distribution is equated to the product Мр. For large values of & the 
normal distribution provides a reasonable approximation to the Poisson 
distribution. Since both the mean and variance of а Poisson distributed 
variable are equal to £, the normal approximation is obtained from 


Pa) ~ (ZA - (2-8 (X = 0,1,2,...) 


The gamma distribution is 
defined by its probability density 


а continuous probability distribution 


ыш @>0,а> –1,8>0) 
/@) = Вега 71) 22 0, а , 
f(z) = 0 for negative z. Table 5-8 lists values of z/8 corresponding {ο 
given values of the cumulative distribution function 


FG) = f^ soar 


The gamma distribution may 
tive probabilities of the Poisson di 
relationship 


also be used to evaluate cumula- 
stribution, and vice versa, by the 


F(X = а) = Prob [X S a] = 1 — Prob [z < t] = 1 — G,(z = Е) 


variate with parameter š, and ϱ is 
a gamma-distributed variate with 6 = 1. Since X is Poisson distributed, 
а must be an integer, Р(Х = α) denotes the cumulative Poisson distribu- 
tion function with parameter Е evaluated at the point а, and Ga(x = 8 


denotes the cumulative gamma distribution function with parameter 
а (and В = 1) evaluated at the point ἕ, 


The gamma distribution also furnishes 
approximating binomial probabilities that is us 
are not large enough to yield good 


where X is the Poisson-distributed 


an additional means of 
eful for values of № that 


approximations by the normal dis- 
tribution. For the details of this approximation and a discussion of the 


relation between Poisson and gamma distributions, see ref. 12. 
As the parameter o increases, the gamma distribution approaches 
а normal distribution with mean βία + 1) and variance (и + 1). One 


obtains a more accurate normal approximation to à gamma distribution 
by regarding 2 4/7/8 as Approximately normal with mean Ν/ 1α + 3 
апа variance Опе; an even more accurate approximation results from 
[z/B(a + 1)]5, which is asymptotically normal with mean (9a 4- 8)/ 
(да + 9) and variance 1/9( + 1) (ref. 1). 

The beta distribution describes а continuous r 
over the closed interv. 


andom variable defined 
al [а,Ь] with the density fu 


ction 
= (G — а) Ы — usa 
Ки) = бајат 
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where B(a,8) is the beta function of a and 8; both а and 8 must be non- 
negative. This density function can take on a wide variety of shapes 
including J shapes, U shapes, and various kinds of unimodal skewed or 
symmetrical shapes. The upper and lower limits а and 6 are relatively 
unimportant, for, by the simple change of variable 


ge d. or и = (b— ajz +a 


опе can express и in terms of a new variable z which is beta-distributed 
over the closed interval [0,1], with the probability density 
же (1 — x) 


fe) = вв) 
The corresponding cumulative distribution function 
x 
πω = | 70) dX = ков) 


is called an incomplete beta-function ratio. 
Table 5-9 contains fractiles corresponding to the cumulative proba- 


bilities 0.005, 0.01, 0.025, 0.05, and 0.10. The relation 
1.008) = 1 — Га-5(в,а) 
provides а means for determining the fractiles corresponding to 0.90, 


0.95, 0.975, 0.99, and 0.995 as well. 
The relation 


АЈ 
(να Be Στ 
k=X 


also permits determination of right-tail (and also left-tail) fractiles of 
the binomial distribution with the aid of Table 5-9. The beta distribution 
is also related to the F distribution usually used in the analysis oË-yariemee 
(Sec. 6) and deseribes the exact sampling distribution of a squared 
multiple correlation based on normally distributed variates when the 


theoretical or population value is zero (ref. 1). 
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Table 5-1. 


AAAAA 


Standardized normal distribution: 
Quick-reference data* 


E -z z 
" fü) F(z) R(z) 2R(z) Т (г) 
.0 .3989 -5000 -5000 1.0000 0 
m -3970 -5398 «4602 -9203 -0797 
.2 .3910 .9793 .4207 .8415 .1585 
E .3814 .6179 .3821 .7642 .2358 
.4 .3683 .6554 .3446 .6892 -3108 
-5 .3521 .6915 .3085 .6171 .3829 
.6 .3332 .7257 .2743 -5485 -4515 
Т .3128 -7580 .2420 .4839 .5161 
-8 -2897 .7881 .2119 .4237 «5768 
.9 .2661 .8159 .1841 .3681 .6319 
1.0 .2420 .8413 .1587 .3173 .6827 
1.1 .2179 .8643 .1357 .2718 .7287 
1.2 .1942 .8849 .1151 .2301 -7699 
1.8 .1714 .9032 .0968 .1936 -8064 
1.4 .1497 .9192 .0808 .1615 .8385 
1.5 .1295 .9332 .0668 .1336 .8664 
1.6 .1109 .9452 .0548 .1096 .8904 
A .0940 .9554 .0446 .0891 .9109 
1.8 -0790 -9641 .0359 .0719 .9281 
1.9 .0656 .9713 .0287 .0574 .9426 
2.0 .0540 .9772 .0228 .0455 .9545 
2.1 .0440 .9821 .0179 .0357 .9643 
2.2 .0355 -9861 .0139 .0278 ‚9722 
2.3 .0283 .9893 .0107 .0214 -9786 
2.4 .0224 .9918 .0082 .0164 .9836 
2.5 .0175 .9938 .0062 .0124 .9876 
2.6 .0136 .9953 -0047 -0093 «9907 
2.7 -0104 -9965 -0035 -0069 -9931 
2.8 «0079 .9974 .0026 -0051 -9949 
2.9 -0060 -9981 -0019 -0037 «9968 
3. .0044 .9987 .0013 .0027 .9973 
Fractiles 
1.2816 1755 .9000 .1000 .2000 -8000 
1.6449 -1031 -9500 -0500 -1000 -9000 
1.9600 -0584 -9750 -0250 -0500 -9500 
2.0537 . 0484 -9800 -0200 -0400 -9600 
2.3263 .0267 .9900 .0100 .0200 -9800 
2.5758 -0145 -9950 -0050 -0100 -9900 
a. ee d ών 


* From 


Random Variables," McGraw-Hill Book Company, 


G. A. Wadsworth and J. G. Bryan, “Introduction to Probability and ы 


м 
; New York, 1960. | 


Table 5-2. Normal distribution* 


Ordinates f at +z, and areas A between —= and +z, of the normal distribution. 

2 £ f А 1-4 z т f A lc 
0 и .399 |.0000[1.0000|+1.50 |μ + 1.50 |.1295 |.8664 |.1336 
+ 05 |ы + .05о |.398 |.0399| .9601|+1.55 |a + 1.55 |.1200 |.8789 |.1211 
х 0 |a 105 |.397 |.0797| .9203 +1.60 |u + 1.600 |.1109 |.8904 1.1096 
k δ |n 15 |.394 |.1192| .8808]+1.65 м + 1.650 |.1023 |.9011 |.0989 
+ 20 |n 20е |.391 |.1585| .8415 1.70 |и + 1.702 |.0940 ]|.9109 |.0891 
+ .25 (uk .250 |.3s7 |.1974| .8026]+1.75 |u + 1.750 |.0863 |.9199 |.0801 
+ 30 |a + .30ø |.381 |.2358| .7642 1.80 |u + 1.802 |.0790 |.9281 |.0719 
+ 35 |ы + .35c |.375 |.2737| .7263 +1.85 |ы + 1.850 |.0721 |.9357 1.0643 
+ `40 |+ -40о |.368 |.3108| .6892]+1.90 |u + 1.90 |.0656 |.9426 1.0574 
+ 45 |μ4 .450 |.361 |.3473| .6527| +1.95 |ы + 1.96σ |.0596 |.9488 |.0512 
+ .50 | + .δΏσ |.352 |.3829] „6171 Е2-00 |u + 2.000 | .0540 .9545 |.0455 
X 155 |ы t -ББе |.343 |.4177| -5828| 52.05 |u + 2.05е |.0488 .9596 |.0404 
X 160 |n δ0σ |.388 |.4515| -5485| 2.10 Ја + 5.105 |.0440 .9643 |.0357 
+ 165 |a +£ .05c |.323 |.4843| -5157| 82.15 и + 2.150 |.0396 .9684 |.0316 
X то = стое |.312 |.5161 4839 2.20 |u + 2.205 |.0355 .9722 |.0278 
+ .75 |u + «Τδσ |.301 |.5467| .4533| 2.25 и + 2.25c |.0317 |.97566 |.0244 
X 50 [| + -807 |.290 |.5763| .4237|+2.30 |u + 2.307 |.0283 .9786 — |.0214 
X ‘85 [u + .85= |.278 |.6047| .3953] 2.35 |p + 2.350 .0252 |.9812 |.0188 
+ 90 |a + .90z |.266 |.0319) -3681 13.40 | + 2.400 |.0224 |.9836 |.0164 
+ 195 |ы ж .95е |.254 |.0579| .3421|+2.45 |н + 2.450 .0108 |.9857 |.0143 
11.00 |a £ 1.000 |.242 |.0827| .3173 42.50 |μ + 9.50σ |.0175 |.9876 |.0124 
+105 |a + 1.05е |.230 |.7063| .2937) 12.55 и 2.550 |.0154 |.9892 |.0108 
+110 | + 1.107 .218 |.7287| -2713/+2.60 и + 2.60е |.0136 |.9907 |.0093 
+115 и £ 1-150 |.206 |.7499 /250113:2.65 (и + 2.65с |.0119 |.9920 |.0080 
£1.20 |a + 1-200 |.194 |.7699 "о301/ 2.70 [и + 2.70 |.0104 |.9931 |.0069 
.183 |.7887| .2113|+2.75 |μ + 2.750 |.0091 |.9940 |.0060 
ias dc "171 |.8064| .1936]+2.80 [м + 2.80« |.0079 |.9949 |.0051 
1.50 P. x 1.350 |.160 |.8230| .1770 2.85 и + 2.85e |.0069 |.9956 |.0044 
о HE 1.400 |.150 |.8385| .1615 2.90 и + 2.900 |.0060 |.9903 |.0037 
et ΜΕΝ "139 | 8520 .1471]+2.95 [м + 2.9Бе |.0051 |.9968 |.0092 
.8664| .1336|+3.00 |u + 3.00σ |.0044 |.9973 |.0027 

41.80 p 1.507 |-180 +4.00 м + 4.007 |.0001 |.99994 |.00006 

15.00 |u + 5.000 |.000001|.9999994/.0000006 

ee |5 — 
ово! 0000|1. оооо/ + 1.036]u + 1.036еј. 2981 |.7000 1.3000 
+ «000 Е 26а 3958|.1000| .9000 11.989 + 1.28221.1755 |.8000 |.2000 
+ 26 |e £ -3536| 3808|.2000| «3000 +1.645|и + 1.6450).1031 |.9000 |.1000 
+ .253 и £ 9550 3704) 3000 `1000| + 1.960 + 1.000σ|.0584 |.9500 |.0500 
+ «456 z t -95 РВ, 4000] -6000]+2.570}u + 3.8705|.0145 |.9900 |. 0100 
+ «624 p §740| .3178} . 5000| “ 5000) +3.291|м + 3.291σ|.0018 |.9990 1.0010 
i ј ў +3. «0005. |.9999 |. 

z Tn и 842 |. 2800) .6000 1000) 4.3. 891|μ + 3.8912. 001 0001 


ү. J. Dixon and F. J. Massey, “Introduction to Statistical Analysis,” 
* From W. J. отрапу, Мех ҮогК, 1962. 


J i Dis 
1 j McGraw-Hill Boo н 
— | 


Table 5-4. Standard scores (or deviates) and ordinates corresponding 
to divisions of the area under the normal curve into a 
larger proportion (B) and a smaller proportion (C); also 
the value 4/BC* 


B z T ГЕР с 
The larger area Standard score Ordinate BC The smaller area 
.500 «0000 .3989 -5000 -500 
.505 -0125 .3989 .5000 .495 
-510 -0251 .3988 .4999 .490 
515 0376 398; 4998 485 
.520 «0505 .3984 .4996 .480 
525 0627 3982 4994 .475 
.530 .0753 .3978 .4991 -470 
.535 .0878 -3974 «4988 «465 
«540 «1004 3969 4984 .460 
545 -1130 .3964 .4980 .455 
.550 -1257 -3958 -4975 «450 
555 -1383 -3951 4970 «445 
.560 1510 .3944 .4964 .440 
.565 1637 .3936 -4958 «435 
.570 1164 «3928 «4951 -430 
-575 -1891 -3919 «4948 425 
.580 .2019 .3909 .4936 .420 
.585 .2147 .3899 -4927 415 
.590 .2215 .3887 «4918 410 
595 «2404 .3876 -4909 -405 
-600 .2533 .8863 -4899 «400 
605 «2668 -3850 -4889 .395 
-610 «2798 .3837 -4877 -390 
.615 .2924 .3822 .4867 .385 
-620 -3055 -3808 4854 .380 
-625 «8186 3792 4841 -375 
-630 «9319 .3776 «4828 .370 
.635 .3451 .3759 «4814 «365 
«640 3585 -3741 «4800 «360 
645 .3719 .3723 4785 355 
-650 .3853 -8704 -4770 -350 
-655 -3989 -3684 4154 «845 
«660 4125 -3664 4737 -340 
-665 .4261 -3643 «4120 -885 
-670 -4399 -3621 4702 -830 
.675 -4538 -3599 -4684 -325 
-680 -4677 -3576 -4665 -320 
-685 -4817 -3552 «4645 815 
-690 -4959 -3528 «4625 810 
.695 -5101 -3503 -4604 -305 
-700 -5244 -3477 -4583 -300 
05 -5388 -3450 -4560 .295 
.710 5534 3423 4598 .290 

-715 -5681 -8395 4514 
120 5828 336 Е. 
s 5 3366 4490 .280 


* Егот Ј. Р. Guilford, “Fundamental 


Statistics in Ps 
4th ed., McGraw-Hill Book Company, Ne 


Ychology and Education,” 
w York, 1965. 


Table 5-4. Standard scores (or deviates) and ordinates corresponding 
to divisions of the area under the normal curve into a 
larger proportion (B) and a smaller proportion (C): also 


the value y BC (continued) 


B 2 ў с 
The larger area Standard score Ordinate VBC The smaller area 
125 .5978 .3337 .4465 .275 
.730 .6128 .3306 .4440 .270 
185 «6280 «9215 44183 «265 
740 6433 .3244 .4386 960 
“145 .6588 «8911 «4359 «255 
150 6145 9118 «4330 «250 
55 6903 8144. 4301 945 
160 1063 9109 4271 .240 
765 1225 .3073 .4240 235 
лто .1388 .3036 .4208 980 
775 1554 .2999 .4176 .225 
.780 1122 «9961 4142 .220 
.185 892 .2922 4108 315 
190 8064 2882 4078 .210 
.795 .8239 .2841 .4037 .205 
.800 .8416 .2800 .4000 .200 
.805 .8596 2757 «3965 195 
.810 .8779 .2714 3928 .190 
.815 .8965 -2669 .3883 .185 
.820 .9154 .2624 .3842 .180 
.825 .9346 2578 .3800 2175 
.830 .9542 .2531 .3756 170 
.835 .9741 .2482 3712 165 
840 9945 .2433 «3666 160 
.845 1.0152 .2383 3619 .155 
.850 1.0364 .2332 .3571 150 
855 1.0581 2919 3521 145 
860 1.0803 .2226 .3470 140 
.865 1.1031 2171 3417 135 
.870 1.1264 2115 .3363 .130 
.875 1.1503 .2059 .3307 .125 
.880 1.1750 .2000 «3350 190 
885 1.2004 1941 9190 115 
890 1.2265 -1880 3129 110 
395 1.2536 1818 .3066 105 
900 1.2816 1755 .3000 .100 
905 1.3106 .1690 .2932 095 
910 1.3408 .1624 .2862 .090 
.915 1.3722 .1556 «2189 «085 
920 1.4051 «1481 2118 «080 
925 1.4395 1416 .2634 .075 
1 1.4757 21343 2551 :070 
Со 1.5141 1268 .2465 .065 
д 1.5548 1191 .2375 .060 
ως 1.5982 1112 .2280 .055 
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Table 5-4. Standard scores (ог deviates) and ordinates corresponding 
to divisions of the area under the normal curve into a 
larger proportion (B) and a smaller proportion (C); also 
the value 4/ BC (continued) 


B z f σ 
The larger area Standard score Ordinate v BC The smaller area 
-950 1.6449 -1031 2179 .050 
-955 1.6954 .0948 .2073 .045 
.960 1.7507 .0862 .1960 .040 
-965 1.8119 .0773 .1838 .035 
.970 1.8808 .0680 -1706 «030 
.975 1.9600 .0584 1561 025 
«980 2.0587 .0484 -1400 .020 
.985 2.1701 .0379 .1226 .015 
.990 2.3263 .0267 -0995 -010 
.995 2.5758 «0145 -0705 -005 
.996 2.6521 .0118 .0631 .004 
.997 2.7478 .0091 .0547 .003 
.998 2.8782 .0063 .0447 -002 
.999 3.0902 .0034 .0316 .001 
-9995 3.2905 .0018 .0224 .0005 
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Table 5-6. Binomial probabilities, P(X,N) = 4 рХ(1 — р)х-х for 


NS 


10 and for various values of p* 


2 0 
1 
2 
8 0 
1 
2 
8 
4 0 
1 
2 
8 
4 
5 0 
1 
2 
Еј 
4 
5 
6 0 
1 
2 
8 
4 
5 
6 
7 0 
1 
2 
8 
4 
5 
6 
T 
0 
8 1 
2 
8 
4 
δ 
6 
Т. 
8 
0 
° 1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
10 1 
2 
8 
4 
5 
6 
1 
8 
9 
10 


* From W. J. 
McGraw-Hill Book 


р 


Company, New York, 1962. 


Table 5-7. Cumulative Poisson distribution* 


1,000 X probability of X or less occurrences of event that has average 
number of occurrences equal to £ = Np. 


= lla hala |жж (5 67| 89 

= Хр 
0.02 980|1, 000 
0.04 961] 999]1,000 
0.06 942] 998/1 ,000 
0.08 923] 997|1,000] 
0.10 905] 995/1,000) 
0.15 861] 990] 999]1,000 
0.20 819 982 999/1 ,000 
0.25 779] 974) 9981,000 
0.30 741| 963| 996/1,000 [ 
0.35 705] 951] 994|1,000 Г 
0.40 670] 938| 992| 999!1,000 y 
0.45 638| 925| 989] 99911 ,000 
0.50 607| 910] 986| 998/1,000 [ 7} 
0.55 577] 894] 982] 998|1,000 
0.60 549) 878) 977| 9971,000 Е 
0.65 522] 801 972) 996] 999|1,000 ) 
0.70 497| 844| 966| 994! 99917000) [ 
0.75 472 827) 959 993| 9991;000 ka 
0.80 449| 809 953| 991) 9991,000 | Ё 
0.85 427 791) 945 989| 9981000 [ 
0.90 407| 772| 937| 987| 9981,000 
0.95 387| 754) 929] 984| 997/1,000 a- 
1.00 368 736) 920| 981 996| '9991,009 | Е 
1.1 333] 699| 900| 974) 995 999/1 ,000 [ 
1.2 301 663 879) 960) 992) 9981,000 m 
1.8 273| 627| 857| 957| 989 998/1 000 Е 
1.4 247] 592) 833 946] 986| 997 9991 ,000 | š 
1.5 223) 558) 809] 934| 951] 996 9991 , 000 [ 
1.6 202] 525) 783 921| 976| 994 999/1 ,000 
d 183| 493| 757| 907| 970| 992 99811 ,000 | 
1.8 165) 463) 731 891 064] 990] 997 9991 ,000 
1.9 150) 434| 704| 875] 950] 987| 997 999|1 '000 q 
2.0 185] 406) 677 857| 947| 983] 905 999/1 000 i 


* From E. L. Grant, “Statistical Quality Control,” 
Company, New York, 1964. 
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3d ed., McGraw-Hill Book 
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Table 5-7. Cumulative Poisson distribution (continued) 


"I 
$ 
м 
© 
ю 


рыр SUI. Ор a DG ба SOURS РЭЧЫ 
CHORD 5ο σο 5. ο owon owahi 

© 

2 

δι 

s 

5; 

ко 

E 

© 


999|1,000 
1,000 
998| 999|1,000 
997| 9991,000 


996| 999|1,000 
994| 998| 999 
992| 997| 999 
990| 996] 999 
986| 995| 998 


982| 993 997 
990| 996 
972| 988] 995 


нь O0 cs оо ою 
> 
© 
© 


CHORN owo 
ο 
a 
E 


a 


1,000 
1,000 
1,000 

999/1 ,000| 


999/1 ,000 
999/1 ,000 
995| 999 


1,000 


: 0651 984| 993| 997| 999/1,000 
1 957| 980] 991| 996| 990] 9991,000 
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Table 5-7. Cumulative Poisson distribution (eontinued) 
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Table 5-7. Cumulative Poisson distribution (continued) 
d о l a] S | 8} πὶ g 9 
£= Хр 
10.5 000| 000] 002] 007| 021 050] 102| 179) 279] 397 
11.0 000| 000] 001) 005] 015) 038) 079] 143| 232| 341 
11.5 000] 000; 001| 003 011] 028) 060] 114| 191 289 
12.0 000] 000] 001] 002] 008] 020] оч6ј 090| 155| 242 
12.5 000| 000] 000] 002] 005) 015| 035] 070] 125| 201 
13.0 000] 000] 000] 001] 004] 011| 026) 054) 100] 166 
13.5 000] 000] 000] 001| 003] 008! 019] 041| 079] 135 
14.0 000] 000] 000] 000] 002] 006] 014) 032 062] 109 
14.5 000] 000] 000] 000] 001| 004| 010] 024 048] 088 
15.0 000] 000] 000] 000] 001) 003 008 018 037| 070 
Mick ыз === — 
10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 
— MÀ — |-Ξ-- 
10.5 521| 639] 742, 825| 888] 932 960| 978| 988| 994 
11.0 460] 579] 689] 781 854] 907| 944| 968| 982| 991 
11.5 402| 520| 633| 733| 815| 878| 924] 954| 974| 986 
12.0 347| 462| 576] 682) 772| 844| 899] 937| 963; 979 
12.5 297, 406] 519] 628| 725| 806| 869| 916| 948| 969 
13.0 252, 353| 463| 573| 675| 764| 835| 890] 930] 957 
13.5 211| 304| 409] 518| 623| 718| 798| 861| 908| 942 
14.0 176] 260] 358] 464] 570| 669] 756| 827| 883| 923 
14.5 145| 220| 311| 413| 518| 619| 711) 790] 853| 901 
15.0 118| 185| 268| 363| 466] 568| 664] 749 819] 875 
ως EN | Жыш ү ш 
20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 
10.5 997| 999] 999/1,000 
11.0 995| 998] 999|1,000 
11.5 992| 996] 998} 999}1 ,000 
12.0 988| 994| 997 999] 9991,000 
12.5 933| 991] 995] 998) 999! 9991,000 
13.0 975| 986] 992| 996] 998) 999|1,000 
13.5 965| 980] 989] 994| 997| 998] 999|1,000 
14.0 952| οτι 983| 991 995] 997| 999] 9991,000 
14.5 936| 960] 976] 986] 992] 996 998] 999] 999|1,000 
917] 947| 967| 981 989] 994] 997| 998) 9991,000 
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Table 5-7. Cumulative Poisson distribution (continued) 


T — 
ы. 415160 | 71 8 [9 | 10 | 11 | τα] 3 
¢= Np —. 
16 000] 001| 004] 010] 022] 043 077| 127| 193! 275 
17 000| 001| 002] 005 013 026) 049| 085] 135| 201 - 
18 000 000| 001] 003, 007] 015 030] 055] 092] 143 
19 000] 000] 001| 002) 004! 009] 018 035] 061| 098 
20 000} 000] 000] 001] 002] 005] 011| 021] 039] 066 Г 
21 000} 000| 000] 000] 001| 003) 006] 013| 025] 043 
22 000] 000] 000] 000] 001| 002| 004| 008! 015] 028 
23 090] 000] 000] 000) 000] 001| 002] 004| 009] 017 
24 000] 000] 000) 000; 000] 000] 001! 003 005] 011 [ 
25 000] 000! 000] 000] 000| _ 000] 001| 001| 003) 006 
14 15 16 17 18 19 20 21 22 23 
16 368| 407) 566] 659] 742| 812 868 911 942 903 
17 281 371 468] 504! 655] 736| 805| 861 905| 937 [ 
18 208 287| 375] 469 562] 651| 731 799] 855| 899 
19 150] 215| 292] 378| 469| 561| 647| 725| 793| 849 
20 105| 157 221 297| 381| 470| 559] 644] 721| 787 
21 072| 111! 163| 227| 302| 384| 471| 558 640] 716 I 
22 048| 077| 117| 169] 232| 300| 387| 472| 556| 637 
23 031| 052| 082] 123| 175| 238| 310| 389| 472| 555 
24 020| 034| 056| 087| 128| 180| 243| 314| 392| 473 
25 012| 022| 038| 060| 092| 134| 185| 247| 318| 394 І 
24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 
16 978" 987] 993| 996 998} 999] 99911 ,000 
17 959) 975] 985) 991] 995| 997] 999] 99911 ,000 
18 932] 955] 972] 983| 990] 994! 997| 998 999]1,000 
19 893| 927| 9511 969 980] 988] 993| 996 998! 999 
20 843| 888] 922] 918] 966) 978] 987| 992] 995| 997 
21 782| 838| 883! 917 944| 963| 976| 985| 991 994 
22 712| 777| 832] 877| 913| 940| 959| 973| 983] 989 
23 635| 708| 772| 827 873| 908| 936] 956 971 981 ` 
24 554| 632| 704| 768| 823] 868] 904! 932) 953, 969 == 
25 473| 553| 629] 700] 763| 818| 863) 900, 929 950 ^ 
| 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 
19 99911 ,000 
20 999| 999|1,000| 
21 997| 998| 999| 999/1,000 | | 
22 994| 996| 998| 999| 9991,000 
23 033 993| 996| 997 999] 9991,000 " 
24 979| 987| 992| 995| 997| 998| 999| 999/1,000 Р 
_25___| 086] 978 985 991 994| 997| 998| 999| 999|1,000 1 | 
š Bi 
| l | [r 


ч 
200 | 
' , 0 


48 
shag 


Table 5-8a. Selected percentage points of the gamma distribution: 
Values of x/8 corresponding to stated values of F(x)* 


F 
ч 01 05 10 38 | во | 15 | 20 | 95 | 90 
а 

—.5 | .0000785| .00197| .00790] .0508| .227| .662| 1. 1.921| 3.317 

ο | .01005 | .0513 | .105 | .288 | .693| 1.386| 2 2.996| 4.605 
.5 | .0574 .176 | .292 | .606 | 1.183| 2.054 3.126] 3.907] 5.672 
1.0 | .149 .355 | .532 | .901 | 1.678| 2.693| 3.890| 4.744| 6.638 

1.5 | 27 .573 | .805 | 1.337 | 2.176] 3.313] 4.618| 5.535] 7.543 

2.0 | .436 .818 | 1.102 | 1.727 | 2.674| 3.920] 5.322| 6.296] 8.406 

2.5 | .620 1.084 | 1.417 | 2.127 | 3.173] 4.519] 6.008] 7.034] 9.238 

3.0 | -823 1.366 | 1.745 | 2.535 | 8.672 5.109| 6.681| 7.754/10.045 

3.5 | 1.044 1.663 | 2.084 | 2.949 | 4.171| 5.694| 7.342| 8.460/10.833 

4.0 | 1.279 1.970 | 2.433 | 3.369 | 4.671| 6.274| 7.994 9.154111.605 

4.5 | 1.527 2.987 | 2.789 | 3.792 | 5.170] 6.850] 8.638| 9.838|12.362 

í 5.0 | 1.785 2.613 | 3.152 | 4.219 | 5.670| 7.423| 9.275/10.513/13. 108 
5.5 | 2.058 2.946 | 3.521 | 4.650 | 6.170| 7.992] 9.906/11.181/13 844 

6.0 | 2.380 3.285 | 3.895 | 5.083 | 6.670| 8.558/10.532/11.842/14.571 

> 6.5 | 2.615 3.630 | 4.273 | 5.518 | 7.169] 9.123|11.154/12.498|15.289 
7.0 | 2.906 3.981 | 4.656 | 5.956 | 7.669] 9.68411.77113.148/16.000 

7.5 | 3.204 4.336 | 5.043 | 6.396 | 8.160/10.244/19.384/13.704/16. 704 

; 8.0 | 3.507 4.695 | 5.432 | 6.838 | 8.660/10.802/12.995/14.435/17.403 
8.5 | 3.816 5.058 | 5.825 | 7.281 | 9.169/11.359/13.602/15.072|18.095 
гр 9.0 | 4.130 5.425 | 6.221 | 7.726 | 9.660/11.014/14.206/15.705/18.783 
1 9.5 | 4.449 5.796 | 6.620 | 8.172 |10.169/12.467/14.80816.335|19. 406 
10.0 | 4.771 6 169 | 7.021 | 8.620 |10.668/13.020|15.407|10.962/20.145 

| № 11.0 | 5.498 6 924 | 7.829 | 9.519 |11.668|14.121/16.598|18.208/21. 490 
1 12.0 | 6.099 7.690 | 8.646 [10.422 (12.668/15.217/17.782/19.448/22.821 

> 13.0 | 6.782 8.464 | 9.470 |11.329 |13.668]16.310|18.958|20.669|24. 139 
1 14.0 | 7.477 9.246 |10.300 |12.239 |14.668/17.400/20.128/21.886/25.446 
у 15.0 |8 180 [10035 (11.135 [19.152 |L5.008 I8.487 21.293/23.008 26.744 

J 20.0 11825 [14-072 [15.382 17.755 [20.668}23.883]27.04529.06233.104 
30.0 |19.532 [22.444 4.113 .667|34.552/38.315|40.691|45.401 


i 25.0 [15.623 18.218 [19.717 [22.404 |25.6067|29.234/32.711/|34.9106/39.308 


4 * Adapted from Catherine M. Thompson, Tables of Percentage Points of the Chi- 

ware Distribution, Biometrika, vol. 32, pt. II, p. 187, October, 1941. Reprinted from 

Ў 7 d. ja Wadsworth and J. G. Bryan, “Introduction to Probability and Random Varia- 
1. * М 


bles," MeGraw-Hill Book Company, New York, 1960. 


Table 5-9. Fractiles of the beta distribution (continued) 


І.(0В) = 1 — ἴι-«(βια) = 0.025 


І.(08) = 1 — Di. (8,2) = 0.1 


=] 


Ὁ слон 
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:7510 ᾿ 
9024 .9377 .9104 (8970 8790 8620 `8019 
1.0000 1.0000 1:0000 1.0000 1.0000 1 0000 1 0000 


sectiom 


«$ 


CLASSICAL 
STATISTICAL 
TESTS 


This section of tables consists of tables for various “classical” tests of 
significance and related tests. Most of these tests require strong assump- 
tions about the nature of the population distribution. The most frequent 
applieations are described in any of a number of Standard texts on 
statistical applications, 

Table 6-1 is used with Fisher's exact test 
tions on the basis of independent samples 
populations. Suppose the data are arranged 


for comparing two propor- 
drawn from two different 
in the following way: 


Sample| — + 
1 А В 
2 c D 


The letters A, B, С, and D denote frequencies of the properties “—” ang 
“+ in the two samples. The exact probability of observing a given set of 
frequencies, under the hypothesis that the theoretical proportion of +’s 
is the same in both populations, is given by the distribution of D (or A 
or B, or C) if the marginal totals are regarded as fixed. The distribution, of 
D is the hypergeometric distribution. The significance levels given in 
Table 6-1 err on the conservative side and correspond to a one-tailed 
critical region. For a two-tailed test, the significance levels are doubled. 
Table 6-2 shows confidence belts for proportions based on samples of 
size N drawn from populations in which the true pro 


loss > ἐν «(df) 
or 


loss < —ty_.(df) 
where tons is an observed value of t, о is the desired level of significan 


ce, 
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- 


на 


“Q " 


Í 


/ 


ΕΒ = = = ΕΞ = = 


= = = = 


and и «(df) is the 1 — а fractile of the distribution of t with df degrees of 
freedom. T'wo-tailed critical regions are obtained from 


|tons| > ἐν αρ (ἆ[) 


or essentially by doubling one minus the percentage values listed at the 
top of Table 6-3. 

Table 6-4 is a table of the power of the t test against various alterna- 
tives. In both tables, the quantity В is the probability of a Type II error, 
1 — Bis the power, and a is the significance level or probability of a Type 1 
error. The quantity 4’ used in Table 6-4c is the so-called noncentrality 
parameter of the noncentral t distribution and, in most applications, is one 
of the two designated functions of hypothetical means and population 
standard deviation. Table 6-4b gives, for various values of degrees of 
freedom and a, the value of d required for the power listed at the top of 
each column. Table 6-4c shows, for various values of е and d’, the sample 
size required for the power listed at the top of each column. One can use 
Table 6-4b with the t test for matched or repeated measures simply by regard- 
ing the difference score as the variable of interest. 

If one of k treatments in an experiment represents a control con- 
dition, it is frequently desired to compare each of k — 1 remaining means 
with the control-group mean, with a significance level of = for the aggre- 
gate of the k — 1 tests. Since each test uses the same control-group mean 
and a common estimate of the sampling variance of the difference between 
means, the tests are not independent. The ¢ statistic for the difference 
between condition 7 and the control condition is 


pa Μις: Με 
МЭМ 8. 


where М; and M. denote the treatment and eontrol means, respectively, 
N is the number of observations each mean is based on, апа M Serror 
denotes the pooled within-group variance (ref. 2). The parameters for 
evaluating the distribution of the (k — Ὁ! statistics are Æ and df, the 
number of degrees of freedom for Мето. Table 65 contains erilical 
values οἱ t for two-tailed tests corresponding to various values of the sig- 
nificance level α and the two parameters К and df. The hypothesis of 
“по difference” 15 rejected if the absolute value of the computed ¢ for a 
given comparison exceeds the appropriate tabled value. 

Table 6-6 shows fractiles of the distribution of the F ratio, i.e., values 
of F corresponding to given cumulative probabilities. The distribution of 
F has two parameters labeled n and т; п is the number of degrees of 
freedom for the denominator of the F ratio, and m is the number of 
degrees of freedom for the numerator. Some other percentage points of F 
d from the percentage points of the incomplete 6 func- 


ay be determine 5 ° 
an (Table 5-9) by means of the relationship 
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Prob (Fs, Ко) = Iz(m/2, n/2) 
with 
_ σα 
n + mi, 


0 


Values of F corresponding to G = 0.10, 0.05, 0.025, etc., may be deter- 
mined from 


1 
РА — а) = —— 
“ш =й == ты 
The F distribution finds its greatest use in analysis of variance where 
one ordinarily tests the equality of several means (ш= шњ= ЕЕ μι) 


against the alternative that the means are пок all the same. À particular 
alternative ean be eharacterized by the quantity 
Z(ui — B)2/k 

c*/N 


where g is the average of the hypothetical alternative means, о? is the 
theoretical value of the variance within groups or mean square error, and 
N is the number of observations from each population. 

Table 6-7 shows graphs of the power of the Ё test against various 
alternatives characterized by $. Ordinates give the value of 1 — β for 
each abscissa ф, where 8 is the probability of а Type II error, 

A simple but adequate test of the homogeneity of k within-group vari- 
ances in an analysis-of-variance experiment employs the test Statistic 


Ф = 


largest of k treatment variances 


Fmax = : 
mx smallest of k treatment variances 


All k variances must be based on the same sample size, 

Table 6-8 lists critical values of the Fmax statistic for different values 
of k and N — 1. If an observed Fmax exceeds the tabulated value üssoci- 
ated with the а level of significance, the hypothesis of homogene 
variance is rejected. 

Cochran’s test similarly uses the statistic 


ity of 


the largest of k treatment variances 


Cz Е 
the sum of k treatment variances 


The parameters of the sampling distribution of C, when the hypothesis of 
homogeneity is true, are k and № — 1, the degrees of freedom for еди 
of the variances. 

Table 6-9 lists critical values of C for the levels of significance a = 0.05 
and a = 0.01. The hypothesis of homogeneity of variance is rejected if the 
observed value of С exceeds the appropriate tabulated value, 

Although the hypothesis that several means are equal js usuall 
tested with an P ratio, the studentized range statistic defined by š 


_ Мах = Mmin 
— вах min 


а = ----------- 
- VNM Sero 


where Мех and Mmin denote the largest and smallest sample means, 
respectively, N is the number of observations each mean is based on, 
and MSeror denotes the within-groups variance, can also be used to test 
the hypothesis μι = из = : ^ 7 = а. The sampling distribution of q is 
approximated by the distribution of the “studentized range" with 
parameters r — number of treatments and df — degrees of freedom for 
the mean square error. 

Table 6-10 contains critical values of the studentized range for two 
levels of significance, а = 0.05 and а = 0.01, and various values of г 
and df. The hypothesis of equality of means is rejected if the observed 
value of q exceeds the tabulated value. 

Table 6-11 lists fractiles of the chi-square distribution for various 
values of the parameter df. That is, the entries in the table are values of 
chi-square such that the cumulative probability or area to the left of a 
specified value is equivalent to the per cent indicated at the top of the 
corresponding column. The significance level for a statistic distributed 
as chi-square is then one minus the cumulative probability. The chi- 
square distribution is simply that of а gamma-distributed variate with 
B = 2 and а = (n/2 — 1), in the notation used in conjunetion with 
Table 5-8. The quantity n must be integer-valued and corresponds to the 
degrees-of-freedom (df) parameter in chi-square applications. Because of 
this, Table 5-8 can be utilized to determine values of chi-square for 
percentiles not included in Table 6-11, and vice versa. The connection 
between the gamma distribution and the chi-square distribution also 
permits use of the normal approximations discussed in connection with 
the gamma distribution for large values of df. 

The chi-square distribution finds wide usage, principally as an 
asymptotic distribution used to approximate the exact sampling dis- 
tribution of many statistics. Perhaps the most important and extensive 
use of chi-square statisties is in connection with enumeration statistics, 
that is, in comparing observed and expected frequencies in (1) testing 
hypotheses about the mathematical form of a single distribution, (2) testing 
the hypothesis that two or more variates or attributes are identically distrib- 
and (3) testing the hypothesis that variates or attributes are statistically 


uled, 


independent. | 
Still other uses depend on the fact that sums of squares of normally 


distributed random variables are distributed as chi-square when multi- 
plied by an appropriate constant. The sample variance of a normally 
distributed variate, when divided by the theoretical variance, is dis- 
tributed like “chi-square/d/,” i.e., like the ratio of a chi-square variate to 
its parameter df. | f | 

Table 6-12 shows fractiles of chi-square/df for various values of df. 
This table is particularly useful for constructing confidence intervals for 
variances and can also be used in place of a chi-square distribution table. 
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Table 6-1. Fisher's exact test for proportions* 


Level of significance 


ΞΡ B or At Го Q5 01 005 
A+B=3 C+D=3 3 0 — -- — 
A+B=4 C+D=4 4 ο Β = = 

C+D=3 4 0 — -- — 
A+B=5 C+D=5 5 1 1 0 0 
4 0 о — — 
C+D=4 5 1 0 0 — 
4 0 — — — 
C+D=3 5 0 0 — — 
C+D=2 5 0 — -- = 
A+B=6 C+D=6 6 2 t 1 
5 1 0 0 = 
4 0 — — 
C+D=5 6 1 0 0 
5 0 0 — 
4 0 — — τ 
C+D=4 6 1 0 0 0 
5 0 0 — — 
C+D=3 6 0 Ὁ — — 
5 0 — — — 
C+D=2 6 0 — — — 
A+B=7 C+D=7 Y 3 2 1 1 
6 1 1 0 0 
5 0 0 — — 
4 Е =s, 2 ass 
C+D=6 7 2 2 1 £ 
6 1 0 0 0 
5 0 0 — — 
+ 0 — — 
C+D=5 7 2 1 0 0 
6 1 0 0 
5 0 — — — 
C+D=4 7 1 1 0 0 
6 0 0 — — 
5 0 = — — 
C+D=3 7 0 0 0 — 
6 0 = — — 
C+D=2 7 0 — — — 

* Adapted from D. J. Finney, The Fisher-Yates Test of Significance in 2 x 2 
Contingency Tables, Biometrika, vol. 35, pp. 149-154, 1948, with the kind permission 
of the author and the publisher. Reprinted from Siegel, “Nonparametric Statistics,” 
McGraw-Hill Book Company, New York, 1956. 
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Table 6-1. Fisher's exact test for proportions (continued) 


Level of significance 


T in right margi: B (or А 
ssi E udi .025 .01 .005 
ΑΕ ties 8 нм 5 
7 2 о 1 0 
6 1 L 0 ο 
5 0 0 — san 
4 @ а == ы 
C+D=7 8 8 9 9 1 
T 2 4 i Ὁ 
6 1 й wp ча 
5 0 = — 
C+D=6 8 9 9° 1 1 
7 1 1 0 0 
6 0 ONE 0 = 
5 Ü == — ы 
C+D=5 8 2 1 t 0 
7 1 0 ο ο 
6 Ὁ 0 = = 
5 Й са m чы 
C+D=4 8 1 1 0 0 
7 0 i= = 
6 0 = _ 
Єз 8 8 оо = 
d 0 0 = 
C+D=2 8 0 t μα ee 
A+B=9 C+D=9 9 5 4 3 3 
8 3 3 92 1 
7 2 1 1 0 
ја 1 1 о 0 
5 0 Ü = ма 
4 (je == =, 
C+D=8 9 io UE © 3 
8 3 2 1 T 
7 2 1 0 0 
6 £ 0 Ó = 
5 0 Ὁ — = 
C+D=7 9 3 3 2 8 
8 2 2 1 0 
7 1 1 0 0 
6 0 @ --. == 
5 d. x =l 


| When В is entered in the middle column, the significance levels are for D. When 
{ is used in place of B, the significance levels are for C. 
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Table 6-1. Fisher`s exact test for proportions (continued) 


Level of significance 


'Totals in right, margin B (or A)1 05 025 01 005 

А+В=9 C+D=6 9 3 2 1 1 

8 2 1 0 0 

7 1 0 0 = 

6 0 0 — — 

5 о = — — 

C+D=5 9 2 1 1 1 

8 £ 1 0 0 

7 0 0 — — 

6 0 — — — 

C+D=4 9 1 1 0 0 
8 0 оо 

7 0 0 — — 

6 0 — — — 

C+D=3 9 1 0 0 0 

8 @ фо — =з 

T 0 — — — 

C+D=2 9 0 0 — — 

A +B = 10 С+р = 10 10 6 5 4 3 

9 4 3 3 2 

8 3 2 1 1 

7 2 1 1 0 

6 1 0 0 — 

5 0 0 — — 

4 0 — — — 

C+D=9 10 5 4 3 3 

9 4 3 2 2 

8 2 2 y 1 

7 1 1 0 0 

6 1 0 0 = 

5 0 0 — — 

C+D=8 10 4 4 3 2 

9 3 2 2 1 

8 2 1 1 0 

T 1 1 0 0 

6 0 0 = = 

5 о = — — 

C+D=7 10 3 3 2 2 

9 2 2 1 1 

8 1 1: 0 0 

7 1 0 0 — 

6 0 о — — 

5 0 = = = 
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Table 6-1. Fisher’s exact test for proportions (continued) 


Level of significance 


Eee | a ees бү ας 

A+B=10 C+D=6 10 з @ m 1 

9 2 1 3i 0 

8 1 1 0 

7 0 na — 

6 ü = = = 

C+D=5 10 2 2 1 1 

9 1 1 о ο 

8 1 Qc = 

7 0 0 — -- 

6 δ == = Ee 

C+D=4 10 1 1 0 0 

9 1 0 0 0 

8 0 0 = = 

7 οι = = = 

C+D=3 10 1 0 0 0 

9 0 0 = — 

LÀ 8 0 — — mx 

C+D=2 10 0 й = 

9 D. = == с 

А+В=11 С+2=11 11 NES NES: 4 

10 5 4 3 8 

9 4 з а 2 

8 з 2 4 1 

7 2 1 0 0 

6 1 бебе =з 

5 0 Ὁ = = 

4 0 = — — 

C+D=10 11 б 8 X Е 

10 £ A а Ὁ 

9 3 3 9 š 

8 2 2 1 0 

7 1 1 0 0 

6 1 ο 9 = 

5 ϱ = — — 

C+D=9 11 5 4 4 3 

10 4 3 2 2 

9 3 2 1 1 

8 2 1 1 0 

7 i i wo 

6 0 Oi — << 
ом МЕ Е кт m кый 


n В is entered in the middle column, the significance levels are for D. When 
the significance levels are for С. 


t Whe 


A is used in place of B, 
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Fisher’s exact test for proportions (continued) 


Table 6-1. 


19 
8 8јәнне [| [анеә || -әә | | |неә | | ее [ [ә | 11 Цеа | | 1 
Е 
ЕЕ 
aljano | [anno | | чное | | кое | | не | lo] | | Цетеаноее | | 
2 | 
Б@=ж=зчоо |ровзевноов=з-оораз=оор=ео уроо ро || o a-oo| 
ЕЈ 
Alg |+ @ чч өзө se сз нооюоаннооа HOS ч\н лә нос оси Sus 4 @ = Ө ө 
es 

ч 

ГУ m= © οσοι ° мз ч © @ ΟΙ о — O @ ог ‹о — осо: — S ο Q — σι — S |с — © с % !— оао < 
5 [πι ча ME яя 22 нев τὰ [τη τὰ τ 

© 

Ds] 

d о À bd © + со ο Я 

Ἕ |! 1 " LI Ш Ш Ш LI 

4 ја а 4 а а а а а 

"ΠΡ + T + + + Тој 

8 јо o o o o o o |v 

Ἔ 

A 

sod a 

d 

$ |1 | 

Я м ES 

+ + 
< < 
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Table 6-1. Fisher's exact test for proportions (continued) 


Level of significance 
Totals in right margin B (or A)? 
05 .025 .01 «006 
A+B=12 C+D=11 12 7 6 5 5 
11 5 5 4 Б] 
10 4 3 2 2 
9 3 2 2 1 
8 2 1 1 0 
7 1 1 0 0 
6 1 0 0 — 
5 0 0 — — 
C +D = 10 12 6 5 5 4 
11 δ 4 3 3 
10 4 3 2 2 
9 3 2 1 1 
8 2 1 0 0 
7 1 0 0 0 
6 0 о — — 
5 0 — — — 
C+D=9 12 5 5 4 8 
11 4 Б] 9 2 
10 3 2 2 1 
9 2 2 1 0 
8 1 1 0 0 
7 1 во = 
6 0 0 — — 
5 0 — — -- 
C+D=8 12 5 4 3 3 
11 3 3 2 2 
10 2 2 1 1 
9 2 £ τα 0 
8 1 1 0 0 
τῇ 0 0 = жа 
6 0 0 = = 
C+D=7 12 4 3 8 2 
11 8 2 2 1. 
10 2 L 1% 0 
9 1 1 0 0 
8 1 @ б --- 
7 0 б = = 
6 Ü — — са 


When В is entered in the middle column, the significance levels are for D. When 
4 i ae in place of B, the significance levels are for С. 
Ais s 
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Table 6-1. Fisher's exact test for proportions (continued) 


Level of significance 


Totals in right i B А 
'otals in right margin (or А)Т 05 025 


А +В = 12 C+D=6 12 
11 
10 


C+D 


Ш 
сл 
μα 
to 


C+D=4 12 


ellleelliee-Illee-w8 


C+D=3 12 


C + D = 2 12 


ГР ее! [еен | | еенн| | [вены 


Ж ЕДЕ 
= 


x 
фФјоооооноосонњооонинњоооннњо 


Е 
ΕΞ 


| [>еньока | | | фџеоенњењо 
— 


AEs QFD- | в 


C+D=12 13 


оеннюшьямч | соньоыьясоа| | © | ооо | ооо | соонь | ооны 
| ее--юоло | | Ser uco amo 


© к — мю G > л @ бо © © = to Юю G о ч 
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Table 6-1. Fisher's exact test for proportions (continued) 


Totals in right margin В (or A)t |. Devetobsignilemucn _ of significance 


.005 


A+B=13 с+р= 1 13 


C +D = 10 13 


C+D=9 13 


C+D=8 13 


C+D=7 13 


05 


© © © = = οὐ £ © © к к ο οὐ > єл © © © = ο һә © # σι © © к = οὐ. @ © 5 © к ο” 


.025 


| | еенее| | еенньх | | | <еньзх | | оенниеа | | оо-юоњ σι Ὦ 


ο πο ο | ee s> a wo απο соннџожко | ооны > m 


| | |ееснне| | | џоенњве! | | еенньый | | | џонџеж | | 58» οοῦσι 


1 When 


4 is used in place of B, the significance levels are for C. 


B is entered in the middle column, the significance levels are for D. When 
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ТаЫе 6-1. 


Fisher’s exact test for proportions (continued) 


Totals in right margin 


В (or A) f |——— ————————— — 


-05 


Level oí significance 


.025 


.01 


-005 


А-В = 13 


A+B=14 
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C+D=5 


C+D=4 


C+D=3 


C+D=2 


C+D=14 


eceoorooor ΝΟΟ Φε 91ος 


Ге [ее [ [еен | loons] | conen 


- 


ООо - ο ‹селс осоо 


| e =e — so to co i @ < cO 


| | 99.-- юс 


ГЕЕЕГе | [| [ее [ | | ен | | | еень 


| | {959-109 σι ч 


= тт 


m ушт om 


‚= 


η 


πα mm 


Em mm 


= mm 


Table 6-1. Fisher's exact test for proportions (continued) 
prep 


Totals in right margin B (or A)t 


Level of significance 


025 


005 


А+В=14 C+D=13 14 


C+D=12 14 


с+р= 1 14 


C 4- D = 10 


© = ° — Ὁ οὐ 4 οι O 5 © к = to οὐ = οι ο -1 © © к t° Ὁ 0 κα. σι G; 00 © к m tO οὐ > οι O HL OO 


|loooc-cwowcrolooeoewesooloocnmwoosouooncowoerooo 


|loeo-w»wosa||oo--w-eseo| |oeo-wo-seo||o--mwosreAa © 


| | | сенньхь | | | ееньъона | | | ox#Hwwnal| | ооеююо=о 


+ When Bis entered in the middle column, the significance levels are for D. When 


4 is used in place of B, the significance levels are for С. 
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Table 6-1. Fisher's exact test for proportions (continued) 


"Totals in right margin 


B (or A)t 


Level of significance 


.05 


.025 


-01 


-005 


А-В = 14 
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C+D=9 


C+D=8 


C+D=7 


C+D=6 


C+D=5 


14 
13 
12 
11 
10 


< Sers FZ WOH μα еее опы VOTE! БАБО 29165 фобии Gum кёк Gas © 


| | core] | [55--.- | | еен - юе | | ©оокюю | |[55-:.η: ο οὐ µε 


| Гееен| | | loon] | | >еннь | | | 2>енньо | | | oono s 


Table 6-1. Fisher's exact test for proportions (continued) 


Level of significance 


Totals in right margin В (or A)t 
05 .025 .01 005 
A+B=14 C+D=4 2 1 T 1 
1 1 0 0 
1 0 0 0 
0 0 — — 
0 ο — — 
CS] = =з 
C+D=3 1 1 0 0 
0 0 0 — 
0 ο — — 
0 — = — 
C+D=2 0 0 0 АЕ 
0 0 — — 
0 — ж = 
A+B=15 C+D=15 15 11 10 9 8 
14 9 8 7 6 
13 7 6 5 5 
12 6 5 4 4 
11 5 4 Б 8 
10 4 9 2 2 
9 8 2 1 1 
8 2 1 1 0 
7 1 1 0 0 
6 1 ϱ 0 — 
5 0 0 — — 
4 Ὁ — = = 
C+D=14 15 10 9 8 7 
14 8 T 6 6 
18 7 5 5 4 
12 6 5 4 8 
11 Баз 2 
10 4 8 2 1 
9 3 2 η 1 
8 2. Ww ( 
7 1 1 0 0 
6 1 0 — --- 
5 о — — = 


| When B is entered in the middle column, the significance levels are for D. When 
A is used in place of B, the significance levels are for C. 
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Table 6-1. Fisher's exact test for proportions (continued) 


Level of significance 


"Totals in right i B A 
otals in right margin (ог 4)ї 025 ΠΠ 


Θ 
δι 


А-В = 15 C+D=9 15 
14 
13 
12 
11 
10 


C+D=8 15 


| [2еннье | | | 9ο τὸ ο) η» 


C+D=7 15 


C+D=6 15 
14 
13 
12 
11 
10 
9 
8 
СЕР = 5 15 
14 
13 
12 
11 
10 
9 


| [ееенъ | | еееннь | | | оон - юе | | | сенньхы | | осоо-юыо © 
[еенын | | | ееень | | | џоонњџе | | 


το кое στ ο ο 1- 15217 x | [ee oto c = | @ ° — — to το οὐ αι οι 


m 
= 
еее ою OC © к к М2 2 0 + © © © к οσο οσο 


1 When B is entered in the middle column, the significance levels are for D. When 


A is used in place of B, the significance levels are for C. 
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Table 6-1. Fisher's exact test for proportions (continued) 


Level of significance 
Totals in right margin В (or A) 1 |—yə_ ə— — .,OQ—— 
05 .025 .01 .005 
A+B=15 C+D=4 15 2 1 1 T - 
14 1 d 0 6 | = 
13 1 0 ο ο 13 
12 0 0 0 — 1 
11 0 0 — — =: 
10 0 = — — E 
C+D=3 15 1 4 δ 0 Il Г 
14 0 0 0 0 t 
13 0 0 — — ; 
12 0 0 — -— E 
11 0 — — — pu 
C+D=2 15 б 4 $ = ji 
14 0 0 — — P 
13 0 — = — E 
м 
1 When В is entered in the middle column, the significance levels are for D. When | 
A is used in place of В, the significance levels are for С. E 
[ | 


m = 


ѓа ey ‘ 


Pm Επ = = 
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TABLE 6-2. CONFIDENCE INTERVALS FOR PROBABILITIES р 
ESTIMATED FROM RANDOM-SAMPLE STATISTICAL 
RELATIVE FREQUENCIES f* 


Table 6-2a. Confidence coefficient, 1 — а = 0.95 
--- f 
098 094 090 086 082 078 074 070 066 062 058 054 050 
090πτηττ TIT] 0.10 p 
0.85 0.15 | 
0.80 1 EE 0.20 
075 0.25 
0.70 0.30 
0.65 0.35 
0.50 0.40 
| 9 
0.55 το 0.45 
XL 
0.50 us те 0.50 
ος 49, 
0.45 у Ро 0.55 
© 

ο 2 7 3 0.60 

0.4 το 7 . 
бу A 
0.35 “Se 0.65 
Ç 2 
0.30 Е 0.70 
κῷ 
0.25 7 «S 0.75 
4 СС 
= S 0.80 
0.20 < 
0.15 Ç 0.85 
T AL 

0.10 3 0.90 
0.05 Z 0.95 


Р b 004 0.08 0.12 0.16 0.20 0.24 O28 0.32 0.36 0.40 0.44 048 
jo 
* Figures reprinted by permission from E. S. Pearson and H. O. Hartley, (eds.), 
“Biometrica Tables for Statisticians,” 2d ed., vol. 1, pp. 204-205, Cambridge Uni- 
versity Press, New York, 1958. Reprinted from Leon Levine, “Methods for Solving 
Engineering Problems," MeGraw-Hill Book Company, New York, 1964. 
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Table 6-2b. Confidence coefficient, 1 — a = 0.99 
— f 
098 094 090 086 082 078 074 070 066 062 058 054 050 
озо 0.10 p 
0.85 (| 0.15 | 
0.80 Π m 0.20 
0.75 | у + “10.25 
0.70 |_| {0.30 
9 
0.65|--1 0.35 
= ο 
050 m4 «Ὁ t pz 0.40 
Бб 
NS © 
0.55 H sT Ы 0.45 
ç” ES 
b 
0.50 6 0.50 
59, 1 
0.45 Γαμος 
СУ A 
0.40 < AL 0.60 
ра A 
0.35 P. 0.65 
< z 
0.30 μα 0.70 
SE 
0.25 a> 0.75 
и > 
0.20 © 0.80 
} ο 
0.15 > 0.85 
. Q 
0.10 5 0.90 
. A . 
AG MS 
0.05 5 ] 0.95 
le 5 1.00 
O 0.04 008 012 046 0.20 0.24 028 032 036 040 044 048 
$E 
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Table 6-3. Student's { distribution* 


Percentile point 

af 
70 80 90 95 97.5 99 99.5 
1 413 1.38 3.08 6.31 12.71 31.82 63.66 
2 .62 1.06 1.89 2.92 4.30 6.96 9.92 
3 .58 -98 1.64 2.35 3.18 4.54 5.84 
4 57 .94 1:53 2.13 2.78 3.75 4.60 
5 .56 .92 1.48 2.01 2:57 3.36 4.03 
6 .55 .91 1.44 1.94 2.45 3.14 3.71 
7 55 90 1.42 1.90 2.36 3.00 3.50 
8 .55 .89 1.40 1.86 2.31 2.90 3.36 
9 .54 .88 1.38 1.83 2.26 2.82 3.25 
10 54 88 1.37 1.81 2.23 2.76 3.17 
11 .54 .88 1.36 1.80 2.20 2.72 Se. 
12 54 .87 1.36 1.78 2.18 2.68 3.06 
13 54 .87 1.35 1.77 2.16 2.65 3.01 
14 «54 87 1.34 1.76 2.14 2.62 2.98 
15 .54 .87 1.34 1.75 2.13 2.60 2:95 
16 .54 86 1.34 1;75 2.12 2.58 2.92 
17 „58 86 1.33 1.74 2.1 2.57 2.90 
18 53 .86 1.33 1.73 2.10 2.55 2.88 
19 53 .86 1.33 1.73 2.09 2.54 2.86 
20 53 .86 1.32 1.72 2.09 238 2.84 
21 3:93 .86 1.32 1.72 2.08 2.52 2.83 
22 53 .86 1.32 1.72 2.07 2.51 2.82 
23 S3 .86 1.32 1.71 2.07 2.50 2.81 
24 52 .86 1.32 1.71 2.06 2.49 2.80 
25 ‚53 .86 1.32 171 2.06 2.48 2.79 
26 .53 .86 1.32 171 2.06 2.48 2.78 
27 .53 .86 1.31 1.70 2.05 2.47 2.77 
28 .53 .86 1.31 1.70 2.05 2.47 2.76 
29 .53 .85 1.31 1.70 2.04 2.46 2.76 
30 53 .85 1.31 1.70 2.04 2.46 2.75 
40 „53 .85 1.30 1.68 2.02 2.42 2.70 
50 53 85 1.30 1.67 2.01 2.40 2.68 
60 53 85 1.30 1.67 2.00 2.39 2.66 
80 53 85 1.29 1.66 1:89 2:37 2.64 
100 .53 .84 1.29 1.66 1.98 2.36 2.63 
200 .52 .84 1.29 1.65 1.97 2.34 2.60 
500 52 .84 1.28 1.65 1.96 2.33 2.59 
" 52 .84 1.28 1.64 1.96 2.33 2.58 
* From В. J. Winer, “Statistical Principles in Experimental Design," MeGraw- 


Hill Book Company, New York, 1962. 


TABLE 6-4. POWER FUNCTION OF ΤΗΕ ¿ TEST* 


Table 6-4а. Power curves for опе- and two-sided tests when σ is known 


For one-sided tests d = Ë "or d = (αι = με) 
σ/ΨΝ Т. 
SUN δε 
4 |н шо {μι — με] 
For two-sided tests d = ord = —— 
σ/νΝ [58 EN d 
"NN M 


Curve (a) is for two-sided a = .10 tests, curve (b) is for one-sided α = .05 tests, 
curve (c) is for two-sided a = .05 tests, curve (d) is for one-sided a = .025 tests, curve 
(e) is for two-sided а = .01 tests, and curve (f) is for one-sided а = .005 tests. 
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* From W. J. Dixon and F. J. Massey, “Introduction to Statistical Analysis," 
McGraw-Hill Book Company, New York, 1962. 
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Table 6-46. Values of d = ET H for a single sample or 
см 
μι — № 


for two samples such that a опе- 


фо ЗЛИ, τε 
см1, + 1/. 


sided test at the a level of significance has power 1 - В 


The values іп the tables are approximate values of |d] for two-sided tests at level 
of significance 2a. 
a = .005, one-sided test (α = .01, two-sided test) 


ar 8| a 2] 3] 4] 5 |] | 7 | 8 | а |.95 |.975| .99 |.995 | af 
1 1.99 [2.73 [3.20 3.78 (4.25 4.73 (5.25 5.88 (6. 8.08 [9.51 | а 
5 1.83 [2:48 [2.07 [3.39 [3.79 4:20 (1-64 (5.17 |5. 7.73 |8:18 | 5 
в [1.79 [2.33 [2.78 [3.16 [3.53 |3.90 [4.30 (4.77 |5. 7.05 |7. 
7 1:65 [2.23 [2:65 [3.01 [3:36 3:71 [4-08 4:52 |5. 6:62 6-68) $ 
в (1:60 [2.16 [2.56 [2:91 [3:24 |3.57 |3:92 4:34 4. 0:33 [0.07 | 8 
ἡ. 2:50 proe 2:20 2-98 βιό [8:40 8:73 12 |E 5:98 [6:29] 10 
iU 1:53 (5: 145 |. s М 4: 5.08 6.20 | 10 
12 1.49 |2.00 |2.37 |2.69 |2.99 |3.28 |3.60 [8.98 4. 5.75 |6. 
ое EISE 
11391. 120 |2. š К : ; š i Š 
36 1:30 [1.82 [2.15 [2:44 [2:70 [2:07 [3.25 [3.59 |4. 515 eat | 36 
= 1:29411:73412:05212:323/2 5706/2 829!3 . 100/3 41813: 4:902/5.152| ‘= 
025, two-sided 
+ m 4.58 |5.31 [5.93 [6.47 [7.10 [7.53] 4 
3 I2 4.18 4.82 5:35 5:82 6:37 [6:76 | 5 
" " 3.94 (4.53 |5.03 |5.46 |5.96 |o.30 | 6 
g J: 3.79 4.35 4:82 (5.22 [5.70 [0.02 | 7 
n 3.08 (4.22 4.67 [5:06 |5.52 |5.84 
3 ^ 3:60 4:13 4:56 4.04 539 |5.09 | 3 
i lg 3.54 4.00 (4-48 4:86 |5.29 |5.59 | 10 
w ; 3.45 (3.05 4.37 |4.73 |5.14 [5.43 | 12 
E 1: 5 3.36 (3.84 (4.24 4.58 4.98 (5.26 | 16 
16 Is 8 3.26 [3.72 4.11 [4:44 4:83 (5.00 | 24 
H : ј 3.19 [3.00 4.03 4:36 |4.74 (5.00 | 36 
36 2 3.08313.52313.8864 .20114.5674.817| = 
а = .025, one-sided test (е = .05, two-sided test) 
1.44 [1.86 [2.23 [2.58 [2.93 3.31 3.76 4.40 (4-93 [5:40 [5.94 632 
C ΒΘ [1:37 n7 Bon [2:43 [2:75 [3:10 (3:51 [4:00 |4:58 [5.00 [5.48 [582] $ 
1.32 |1.70 [2.03 |2.34 |2.64 |2.98 |3.37 |3.91 |4.37 4.76 |5.23 |5.54 
3 “80 1:39 1:66 1.98 [2-27 [5:57 2.89 (3:27 (3:80 |4.23 4:61 (5:06 52361 9 
8 77 11:27 [1:63 [1:04 [2:23 |2.52 [5.80 (3.20 [3.71 (4:14 |4:51 [4.04 5.23 | 8 
9° “46 11:25 [1.60 [1.91 [2.20 [2.48 (2-79 [3.15 (3.65 [4.07 |4.43 4:85 5.14 | 9 
10 "75 [1:23 [1.59 [1.89 9.17 |2:45 (2-76 |3.11 [3.60 |4.01 (4:37 (4.78 5.07 | 10 
1.56 [1.86 [2.13 [2.41 [2.71 3.05 |3.54 [3.94 [4.28 |4. 
поноса в 
24 {71 [1:16 (1:50 |1. s ; í i : : -09 4:47 |4.72 | 24 
"48 (1-75 |2.01 |2:27 2.55 2.88 3.33 |3.71 |4:03 4. s 
86 2041-1381 dol 707|1 960|2 21312 48412 80213 24218 605139204 ово sec] 30 
a = .05, one-sided test (е = .10, two-sided test) 
“68 1.99 2.30 [2.64 (8.04 [3.60 |4.07 [4.48 4.05 [5.99 | 4 
4 4837-06 1-32 1-02 1:07 [2:21 (2:51 [2:90 [8:43 [8:870 
3 43 | 92 1201: я ; à x у : 25 (4:70 [5.00 | 5 
1.57 [1.86 [2.15 [2.46 (2.82 [3.33 [3.75 4.12 [4.55 
6 aa :90 1-28 1.27 Ра [2.41 (2:77 [3:20 3.68 1:03 lage laces | 8 
T 39 | 188 [1:22 [1:52 1:80 [2:08 2.38 |2.73 8:51 (3:62 3:97 4:37 4:06 | в 
8 39 | ΒΤ [1:21 [1-50 [1.78 [2:06 (2.35 2.70 3.18 [3.57 3.02 (4:32 4:60 | о 
1 39 | `86 [1:20 1:49 [1:77 [2:04 [2:33 (2.67 (3.15 |3:54 [3:88 [4:28 [4:56 | 10 
1 | 88 | -88 129 1.48 11-75 0-06 2:27 [2:60 [3:00 3:32 3:7 ваа нај E 
16 38 |. 1-17 1:45 [1:60 [1:05 [2:23 5:56 [3:01 [3:39 [3.71 [4:09 4.38 | зе 
24 -37 | -83 1714 1:45 [1-68 [1:94 [2:21 2:54 2.98 3:36 [3:68 (1-05 4.31 | 36 
36 ο] 18031112111 39211 6451 .808\2. 1692-4879 09708 .200/3.6058.971(4:221| “Ὁ 


Table 6-4с. Sample size needed to attain power 1 — В against 
d' = (и — µο)/σ in the one-sample case ог d' = (ш — ш) /с 


in the two-sample case 


Each sample in the two-sample сазе should be of the given size. 


One-sided, single-sample test One-sided, two-sample test 
α d' 1-8 а’ 
.50].60].70] .80 | .90 | .95 | .99 | .50 | .60 | .70 | .80 | .90 | .95 | .99 
-005 -1 669 805966 1173 1493 17852403 1827/1602/1922 2887/2977/3567/4806| .1 
.2 1169/204244/ 296) 377| 450| 605| 333| 403) 484| 588| 749] 89411206) .2 
.4 | 42| 53| 64| 77| 97| 115| 154! 87| 101| 124| 150| 189] 226| 304| 4 
.6 | 22| 26| 31| 36| 45| 53| 71) 37| 44 55| 65| 85] 100| 138| .6 
.8| 14| 16] 19] 22 27| 32) 41 23 27| 32| 39) 49) 56 85 .8 
1.0| 10| 12| 13| 14| 19 22 28| 15 18 21| 26 32| 38 4910 
1.2| 8 910 12 14 16 21 11 13 16 18 23 27| 3612 
1.4] 7| 8| 9| 10| 12| 13| 16] 9| 10) 12 м 18 20| 2714 
1.6] 6 7| 8 8| 10| 11| 13 4 9| 10 11 14 16 21| 1.6 
1.8| 6 6 7 s| 9| 9 ш ο 7| 8 9и 13 1718 
2:0| 4| 6 6| 7| 8| s| 10 6 6 7| s| το 11 14 2.0 
30] 3| αἱ 5 5| 6| 6 4 4| 5| 5| 6 6| 330 
.0125| .1 506/625/768| 95412451514 2090/1004/1244/1529/1901/2482/3020/4180| .1 
‚2 (127158194) 240| 312| 380] 524) 255| 316| 388| 482) 629| 76611057] 2 
.4| 34| 42| 52) 63| 81| 98| 135| 64| 81 97 120) 157| 191| 265| „4 
16 | 17| 19| 24) 30| 37| 45| 61| 30| 37| 44| 54| 71 84 117| 6 
.8| 11| 13| 15) 18| 23| 27| 36| 18 21 26 32) 40| 49 69 8 
1.01 8| 9| 11| 13| 16) 18) 24) 12) 14) 17| 21| 27| 32 44| 1.0 
1.2| 7| ΤΙ 8| 10| 12| 14| 18| 9] 11 13| 15| 19| 23| 31 12 
1.4; 6| 6 7| 8| 10 11| м 7| 8| 10 12 15| 17 93 1.4 
1.6| 5 6 6 7| 8 9| 11) 6| 7| 8 9 12 14 18 1.6 
1.8 5| 6 6| 7| 8 10 5 6| 7| 8 10 11 1518 
2.0 5 6 ο 7| ο 4 5 6 7 8 of 1220 
3.0 6 3| 4| 4| 5| 5| 730 
.025 .1 386 492 619] 78810541302 1840] 771| 982/1237/1574/2106.2603,3680| .1 
.2 | 98/124/156| 201| 265| 327| 459] 193) 245) 310] 395| 527| 650] 922| .2 
.4 | 26| 33| 41| 52| 68| 85 117] 49 62| 80 100 133| 164 231 .4 
.6 | 13| 16| 20| 24| 32| 39] 53| 23) 29! 36 45| 60) 77| 104 6 
.8| 9} 10 12] 14 18 23] 31] 14| 1 21 26 34 42 59 8 
1.0] 6 7 οἱ 10 13 16 21 9| 11 14 17 22) 28] 38| 1.0 
1.21 6| 6| 7 8 10 12) 15 7 8 10 12 16 19 27| 1.2 
1.4] 5| 5| 6 7 8 9 12 5 7 8 10 13! 15 2014 
1.6 5 6 Я 8 10 5 5 6 8 10 12 161.6 
1.8 5 6 7 8 4 1 5 6 8| 10 13| 1.8 
2.0 5 6 7| 4| 4 5 6 7| 8) 112.0 
3.0 4 4 5 6] 3.0 
.05 .1/272,362|473| 620| 858/1084/1580| 543| 722| 94811235/11715/2166/3160| .1 
.2 | 69| 92119| 156] 215| 272) 396} 138| 182) 237| 312| 430| 543| 793) .2 
.4| 19 24| 31| 41| 55| 70| 101| 35| 46) 59| 79) 109| 137| 199) .4 
.6| 9 12| 15| 19 26 32| 46| 16| 21| 28| 35| 48| 62| 89| .6 
.8| 6| 8| 9| 12| 15 19 27| 10 12) 16| 20 28| 35 50| .8 
1.0| 5 6| 7| 8 11 13| 18) 7| 8| 11 13 18 23 33| 1.0 
1.2 5 5 6 8 10 13 5 6 8 10| 13| 16 23) 1.2 
1.4 5 6 8 10 4 5 6 7| 10 12 17) 1.4 
1.6 6 6 8 4 4| 5| 6| 8 10 14 1.6 
1.8 5| 6| 7 4| 4| 5| 7| 8 11 1.8 
2.0 5 6 4 4 6 7 9| 2.0 
3.0 8) 4| 53.0 
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Table 6-5. Distribution of ¢ statistic when comparing treatment 
means with a control* 


af for = number of means (including control) 


R 


MS; 2 3 4 5 6 7 8 9 10 


95 2.02 2.44 2.68 2.85 2.98 3.08 3.16 3.24 3.30 
5 .975 2.57 3.03 3539 3.66 3.88 4.06 4.22 4.36 4.49 
99 3.37 3.90 421 4.43 4.60 4.73 4.85 4.94 5.03 
995 4.03 4.63 5.09 5.44 5.73 5.97 6.18 6.36 6.53 


95 194 234 256 271 283 292 300 307 312 
6 | 915] 245 286 3.18 341 360 3.75 388 400 411 
99 | 314 3.61 3.88 4.07 421 433 443 45: 4.59 
1995 | 3.71 422 4.60 488 51Ι 530 5.47 56 5.74 
95 189 227 244 262 273 282 289 295 3.01 
7 |975| 236 2.75 304 324 341 354 366 3.76 3.86 
99 | 3.00 342 366 3.83 3.96 407 415 423 430 
1995 | 350 395 4.28 452 417 487 501 513 524 
95 1.86 222 242 255 26 2.74 281 287 2.92 
8 ‘975 | 231 267 294 313 328 3.40 3.51 360 3.68 


99 2.90 3.29 3.51 3.67 3.79 3.88 3.96 4.03 4.09 
995 3.36 8.77 4.06 4.27 4.44 4.58 4.70 4.81 4.90 


.95 1.83 2.18 2:37 2.50 2.60 2.68 2.75 2.81 2.86 
9 „978 2.26 2.61 2.86 3.04 3.18 3.29 3.39 3.48 3.55 
.99 2.82 3.19 3.40 3.55 3.66 3.75 3.82 3.89 3.94 
.995 3.25 3.63 3.90 4.09 4.24 4.37 4.48 4.57 4.65 


95 1.81 2.15 2.34 2.47 2.56 2.64 2.70 2.76 2.81 
10 .975 2.23 2.57 2.81 2.97 3.11 3.21 3:31 3.39 3.46 
99 2.76 3.11 3.31 3.45 3.56 3.64 3⁄71 3.78 3.83 
.995 3.17 3.53 3.78 3.95 4.10 4.21 4.31 4.40 4.47 


95 1.80 2.13 2.31 2.44 2.53 2.60 2.67 2.72 2.77 
11 „975 2.20 2.53 2.76 2.92 3.05 3.15 3.24 3.31 3.38 
.99 2.72 3.06 3.25 3.38 3.48 3.56 3.63 3.69 3.74 
.995 3.11 3.45 3.68 3.85 3.98 4.09 4.18 4.26 4.33 


.95 1.78 2.11 2.29 2.41 2.50 2.58 2.64 2.69 2.74 
12 .975 2.18 2.50 2.12 2.88 3.00 3.10 3.18 3.25 3.32 
99 2.68 3.01 3.19 3.32 3.42 3.50 3.56 3.62 3.67 
.995 3.05 3.39 3.61 3.76 3.89 3.99 4.08 4.15 4.22 


95 | 177 209 227 239 248 255 261 266 27 
i | 975 216 248 260 284 296 306 314 321 327 
109 | 265 297 315 327 337 344 351 356 36 
995 | 301 333 3.54 3.60 381 391 399 406 41 


95 176 208 225 237 246 253 259 2.64 269 
14 ‘975 | 214 246 267 281 2.93 3.02 310 317 3.23 
99 | 262 294 311 323 332 340 346 351 3.56 
995 | 298 329 349 364 3.75 384 392 399 405 


* This table is reproduced from С. W. Dunnett, A Multiple Comparison Pro- 
cedure for Comparing Several Treatments with a Control, J. Am. Statist. Ass., vol. 
š 1096—1121, 1955, with the permission of the author and the editor. Reprinted 
Зи u^ J. Winer, “Statistical Principles in Experimental Design," MeGraw-Hill 


de New York, 1962. 


Book Company, 


Table 6-5. 
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Distribution of { statistic when comparing treatment 
means with a control (continued) 


df fos = К = number of means (including control) 
MSerror 2 3 4 5 6 7 8 9 10 
95: 1.75 2.06 2.23 2.34 2.43 2.50 2.56 .61 2.65 
16 915 2.12 2.42 2.63 2.77 2.88 2.96 3.04 3.10 3.16 
.99 2.58 2.88 3.05 347 3.26 3.33 3.39 3.44 3.48 
.995 2.92 3.22 3.41 3.55 3.65 3.74 3.82 3.88 3.93 
95 1.73 2.04 2.21 2.32 2.41 2.48 2.53 2.58 2.62 
18 «975 2.10 2.40 2.59 2.73 2.84 2.92 2.99 3.05 3.11 
«99 2.55 2.84 3.01 3.12 3.21 3.27 3.33 3.38 3.42 
.995 2.88 3.17 3.35 3.48 3.58 3.67 3.74 3.80 3.85 
.95 1.72 2.03 2.19 2.30 2.39 2.46 2.51 2.56 2.60 
20 .975 2.09 2.38 2.57 2.70 2.81 2.89 2.96 3.02 3.07 
.99 2.53 2.81 2.97 3.08 3.17 3.23 3.29 3.34 3.38 
995 2.85 3.13 3.31 3.43 3.53 3.61 3.67 3.73 3.78 
E 1.71 2.01 2.17 2.28 2.36 2.43 2.48 2.53 2.57 
24 4915 2.06 2.35 2.53 2.66 2.76 2.84 2.91 2.96 3.01 
.99 2.49 2.77 2.92 3.03 3.11 3.17 3.22 3.27 3.31 
995 2.80 3.07 3.24 3.36 3.45 3.52 3.58 3.64 3.69 
95 1.70 1.99 2.15 2.25 2.33 2.40 2.45 2.50 2.54 
30 .975 2.04 2.32 2.50 2.62 2.72 2.79 2.86 2.91 2.96 
99 2.46 2.72 2.87 2.97 3.05 3.11 3.16 3.21 3.24 
.995 2.75 3.01 3.17 3.28 3.37 3.44 3.50 3.55 3.59 
.95 1.68 1.97 213 2.23 2.31 2.37 2.42 2.47 2.51 
40 4925. 2.02 2.29 2.47 2.58 2.67 2.75 2.81 2.86 2.90 
«99 2.42 2.68 2.82 2.92 2.99 3.05 3.10 3.14 3.18 
„995 2.70 2.95 3.10 3.21 3.29 3.36 3.41 3.46 3.50 
95 1.67 195 2.10 2.21 2.28 2:35 2.39 2.44 2.48 
60 „975 2.00 2.27 2.43 2:55 2.63 2.70 2.76 2.81 2.85 
499 2.39 2.64 2.78 2.87 2.94 3.00 3.04 3.08 3.12 
.995 2.66 2.90 3.04 3.14 3.22 3.28 3.33 3.38 3.42 
95 1.66 1.93 2.08 2.18 2.26 2.32 2.37 2.41 2.45 
120 .975 1.98 2.24 2.40 2.51 2.59 2.66 2.71 2.76 2.80 
.99 2.36 2.60 2.73 2.82 2.89 2.94 2.99 3.03 3.06 
.995 2.62 2.84 2.98 3.08 3:38 3.21 3.25 3.30 3.33 
.95 1.64 1.92 2.06 2.16 2.23 2.29 2.34 2.38 2.42 
со 975 1.96 2.21 2.37 2.47 2.55 2.62 2.67 2.71 2,75 
99 2.33 2.56 2.68 2.77 2.84 2.89 2.93 2:97 3.00 
.995 2.58 2.79 2.92 3.01 3.08 3.14 3.18 3.22 3.25 
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Table 6-8. Distribution of Fma: statistic* 


— C —FFà o mƏíÀoN'ÑSà>S,xY,:@  _ _ 


k = number of variances 
dffor |1—« 
sx? 2 8 4 e 6 7 8 9 10 
4 .95 9.60 15.5 20.6 25.2 29.5 33.6 37.5 41.4 44.6 
.99 23.2 37. 49. 59. 69. 79. 89. 97. 106. 
5 .95 7.15 10.8 13.7 16.3 18.7 20.8 22.9 24.7 26.5 
.99 14.9 22. 28. 33. 38. 42. 46. 50. 54. 
6 .95 5.82 8.38 10.4 12.1 13.7 15.0 16.3 17.5 18.6 
:99 11.1 15:5 19.1 22. 25. 27. 30. 32. 34. 
7 | 5 | 499 694 844 970 108  1L8 127 135 143 
.99 8.89 12.1 14.5 16.5 18.4 20. 22. 23. 24. 
8 :95 4.43 6.00 7.18 8.12 9.03 9.78 10.5 11.1 11,7 
.99 7.50 9.9 11.7 13.2 14.5 15.8 16.9 17.9 18.9 
9 .95 4.03 5.34 6.31 7.11 7.80 8.41 8.95 9.45 9.91 
199: 6.54 8.5 9.9 11.1 12.1 13.1 13.9 14,7 15.3 
10 958 3.12 4.55 5.67 6.34 6.92 7.42 7.87 8.28 8.66 
99 | 585 74 8.6 96 104 Ил з 124 129 
12 .95 3.28 4.16 4.79 5.30 5.72 6.09 6.42 6.72 7.00 
99 | 4901 61 6.9 7.6 8.2 8.7 9.1 9.5 9.9 
15 .95 2.86 3.54 4.01 4.37 4.68 4.95 5.19 5.40 5.59 
99 | 4.07 49 5.5 60 64 67 74 73 7.5 
20 | .95 | 246 295 329 354 3796 3.94 410 424 437 
59 | 332 38 4 46 49 51 53 5.5 5.6 
зо | 95 | 207 240 261 278 291 302 312 321 329 
199 | 2.63 30 33 3.4 3.6 37 3.8 3.9 4.0 
60 95 1.67 1.85 1.96 2.04 2.11 2.17 2.22 2.26 2.30 
ΚΠ 196 22 3 2.4 2.4 2.5 2.5 2.6 2.6 
со .95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
LLL 
* This table is abridged from Table 31 in E. S. Pearson and Н. О. Hartley (eds.), 


“Biometrika Tables for Statisticians,’ 2d ed., vol. 1, Cambridge Univer: ty Press, 
New York, 1958. Reproduced with the kind permission of E. S. Pearson and the 
trustees of Biometrika. Reprinted from B. J. Winer, "Statistical I rinciples in Experi- 
esign," McGraw-Hill Book Company, New York, 1962. 
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Table 6-11. Percentiles of the x? distribution* 


Percent 

df 
.5 1 2.5 5 10 90 95 97.5 99 99.5 
1 |.000039|.00016].00098| .0039 -0158| 2.71 3.84) 5.02] 6.63| 7.88 
2 |.0100 |.0201 |.0506 - 1026 .2107| 4.61] 5.99) 7.38| 9.21 10.60 
3 |.0717 |.115 |.216 .352 -584 | 6.25| 7.81| 9.35| 11.34| 12.84 
4 |.207 .297 |.484 ли 1.064 | 7.78 9.49) 11.14| 13.28| 14.86 
5 |.412 .554 |.831 1.15 1.61 9.24) 11.07| 12.83] 15.09] 16.75 
6 .676| .872| 1.24] 1.64 2.20 10.64] 12.59) 14.45) 16.81] 18.55 
7 .989 | 1.24 | 1.69] 2.17 2.83 12.02] 14.07] 16.01) 18.48] 20.28 
8 | 1.34 | 1.65 | 2.18] 2.73 3.49 13.36] 15.51| 17.53| 20.09] 21.96 
9 | 1.73 | 2.09 | 2.70| 3.33 4.17 14.68| 16.92| 19.02| 21.67| 23.59 
10 | 2.16 | 2.56 | 3.25| 3.94 4.87 | 15.99| 18.31] 20.48| 23.21| 25.19 
11 | 2.60 | 3.05 | 3.82| 4.57 5.58 | 17.28| 19.68| 21.92| 24.73| 26.76 
12 | 3.07 | 3.57 | 4.40| 5.23 6.30 | 18.55| 21.03| 23.34| 26.22| 28.30 
13 | 3.57 | 4.11 | 5.01| 5.89 7.04 19.81 22.36] 24.74] 27.69| 29.82 
14 | 4.07 | 4.66 | 5.63 | 6.57 7.79 | 21.06| 23.68| 26.12| 29.14| 31.32 
15 | 4.60 | 5.23 | 6.26| 7.26 8.55 | 22.31| 25.00| 27.49| 30.58| 32.80 
16 | 5.14 | 5.81 | 6.91| 7.96 9.31 | 23.54 26.30] 28.85] 32.00] 34.27 
18 | 6.26 | 7.01 | 8.23| 9.39 | 10.86 | 25.99 28.87) 31.53| 34.81| 37.16 
90 | 7.43 | 8.26 | 9.59 10.85 12.44 | 28.41| 31.41| 34.17| 37.57| 40.00 
24 | 9.89 |10.86 | 12.40 13.85 | 15.66 | 33.20] 36.42) 39.36| 42.98| 45.56 
30 |13.79 (14.95 |16.79 18.49 | 20.60 | 40.26| 43.77| 46.98 50.89| 53.67 
40 |20.71 |22.16 |24.43 26.51 | 29.05 | 51.81| 55.76| 59.34| 63.69| 66.77 
60 135.53 |37.48 |40.48 43.19 | 46.46 | 74.40 79.08| 83.30 88.38 91.95 
120 |83.85 |86.92 | 91.58 95.70 100.62 (140.28/146.57/152.21/158.95/163.64 


ge values of degrees of freedom the approximate formula 


= _2 "y 
xe = п(1 δη + ѓа θη 


where 2а is the normal deviate and n is the number of degrees of freedom, may be 
used. For example χ.ο” = 60[1 — .00370 + 2.326(.06086)]* = 60(1.1379)? = 88.4 
99th percentile for 60 degrees of freedom. 


For lar 


for the 
*From W. J. Dixon and F. J. Massey, "Introduction to Statistical Analysis,” 
McGraw-Hill Book Company, New York, 1962. 
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Table 6-12. Percentiles of the x2/df distributions* 


df | .05 E -5 1.0 | 2.5 5.0 10 | 20 | 30 | 40 
1| .0°39 | .0“157| .0:39| .0316] .0398| .0239| .016| .064| .148, .275 
2| «001 | .001 .005 | «010 | .025 | «052 | .106| .223| .856| .511 
3| -005 | .008 | .024 | .038 | .072 | .117 | .195| .335| .475| .623 
4| «016 | .023 | «055 | .074| .121| .178 | .266| .412| .549| .688 
5| «052 | .042 | .082 | .111| .166| .229 | .322| .469| .600| .731 
6] .050 | .064 | «118 | .145 | .206| .272 | .367| .512| .638| .762 
7| .069 | .085 | .141| .177 | «241 | .310| .405| .546| .667| .785 
8| «0869 | .107 | .168| .206 | .272| .342 | .436| .574| .691| .803 
9 .108 | .128 | .193| .232 | .300 | «569 | .463| .598| .710| .817 
10] .126 | .148 | .216| .256 | .325 | .394 | .487| .618| .727| .830 
11| «144 | .157 | .237 | .278 | «947 | .416 | .507| .635| .741| .840 
12| .161 | .184 | .256| .298 | .367 | .436 | .525| .651| .753| .818 
13| .177 | .201 | .274 | .316 | .385 | .453 | .542| .664| .764| .856 
14| .193 | .217 | «291 | .333 | .402| .469 | .556| .676| .773| .863 
15| .207 | .232 | .307 | .349 | .418 | «484 | .570| .687| .781| .869 
16| «221 | .246 | .321 | «368 | .432 | .498 | .582| .697| .789| .874| .959/1.05 
17| «254 | .260 | .335 | .377 | .445 | .510 | .593| .706| .796| .879| .961|1.05 
18| .247 | .272 | .348 | .390 | .457 | .522 | .604| .714| .802| .883| .963|1.05 
19| .258 | .285 | .360| .402 | .469 | .532 | .613| .722| .808| .887| .965/1.05 
20| .270 | «296 | .372 | .413 | .480 | .543 | .622| .729| .813| .890| .967|1.05 
22| .291 | .317 | «398 | .434 | .499| .561 | .638| .742| .823| .897| .970/1.05 
24| .310 | .337 | .412| «455 | .517 | .577 | .652| .753| .831| .902| .972]1.05 
26| .328 | .355 | «420 | .469 | .532 | .592 | .665| .762| .838| .907| .974/1.05 
28) .345 | .371 | .445 | .484 | .547 | .605 | .676| .771| .845| .911| .9761.04 
30] .360 | .386 | «460 | .498 | .560 | .616 | .687 .779| .850] .915| .9781.04 
35| .394 | .420 | .491 | .529 | .588 | .642 | .708| .795| .862| .922| .9811.04 
40] .423 | .448 | .518| .554 | .611| .663 | .726| .809| .872| .928| .9831.04 
45| .448 | .472 | .540 | .576 | .630| .680 | .741| .820| .880| .933| .985/1.04 
50] .469 | .494 | .560 | .594 | .647 | .695 | .754| .829| .886| .937| .987 1.04 
55) .488 | .512 | .577 | .610| «665 | .708 | .765| .837| .892| .941| .988/1.04 
60| .506 | .529 | .592 | .625 | .675 | .720 | .774| .844| .897| .944| .989]1.04 
70| .535 | .558 | .618| «649 | .697 | .739 | .790| .856| .905| .949| .990/1.03 
80| .560 | .582 | .640| .669 | .714| .755 | .803| .865| .911| .952| .992/1.03 
90] .581 | .602 | .658 | .686 | .729 | .768 | .814| .873| .917| .955| .9931.03 
100| .599 | .619 -673 | .701 | .742 | .779 | .824| .879| .921| .958| .993|1.03 
120} .629 | .648 | .699 | .724 | .763 | .798 | .839| .890ј .929| .962| 0941. 03 
140| .653 | .671 | .719 | .743 | .780 | .812 | .850| .898| .934| .965| .9951.03 
160} .673 | «690 -736 | .758 | .793 | .824 | .860| .905| .939| .968| .996/1.02 
180) .689 | .706 | .749 | .771 | .804 | .833 | .868| .910| .942| .970] .996/1.02 
200| «τοῦ ' .719 | .761 | .782 | .814 | «841 | .874| .915| .945| .972| .997]1.02 
250| .732 | .746 | .785 | .804 | .832 | .858 | .887| .924| .951| .975| .99711.02 
300] .753 | .767 | .802 | .820 | .846 | .870 | .897| .931| .956| .977| .9981.02 
350) .770 | .783 | .816 | .833 | .857 | .879 | .904| .936| .959| .979] .9981.02 
400 .784 | .796 | .827 | .843 | .866 | .887 | .911| .940| .962| .981| .9981 02 
450 «τος | .807 | .837 | .852 | .874 | .893 | .916| .944| .964| .982| 9991 02 
500) .805 | .816 | .845 | .859 | .880 | .898 | .920| .946| .966| .983| .999|1.01 
750 .839 | .848 | .872 | .884 | .901 | .917 | .934| .956| .972| .986| 999|1 01 
1000) .859 | .868 | .889 | .899 | .914 | .928 | .943| .962| .976| .988| 9991-01 
5000 .936 | .939 | .949 | .954 | .961 | .967 | .974| .983| .989| .9951 00 1 -00 
© |1 1 1 1 1 1 1 1 1 1 


Read «0316 as .00016, etc. 


* From W. J. Dixon and Е. J. Маззеу, 


McGraw-Hill Book Company, New York, 1962. 


“Introduction to Statistical Analysis,” 


Table 6-12. Percentiles of the x2/df distributions (continued) 


70 80 90 95 | 975 | 99 | 995 | 999 | 99.95 | df 
1.07 | 1.64 | 2.71 | 3.84 | 5.02 | 6.64 | 7.88 | 10.83 | 12.12 1 
1.20 | 1.61 | 2.30 | 3.00 | 3.69 | 4:61 | 5.30 | 6.91 | 7.60 2 
1:22 | 1.55 | 2.08 | 2.60 | 3.12 | 3.78 | 4.28 | 5.42| 5.91 8 
1:22 | 150 | 1.94 | 2.37 | 2.79 | 3.32 | 3.72 | 4.62| 5.00 4 
1.21 | 1.46 | 1.85 | 2.21 | 2:57 | 3.02 | 3.35 | 4.10 | 4.42 5 
1.21 | 1.43 | 1.77 | 2.10 | 2.41 | 2.80 | 3.09 | 3.74 | 4.02 6 
120 | 1.40 | 1.72 | 2:01 | 2:29 | 2:64 | 2:90 | 3.47 | 3.72 7 
119 | 138 | 167 | 1.94 | 2.19 | 251 | 2.74 | 3.27 | 3.48 8 
1:18 | 1.36 | 1.63 | 1.88 | 2.11 | 2.41 | 2:62 | 3:10| 3.30 9 
118 | 1.34 | 1.60 | 1.83 | 2.05 | 2.32 | 2.52 | 2:96 | 3114] 10 
1.17 | 133 | 1.57 | 1.79 | 1.99 | 2.25 | 2.43 | 2.84] 3.01 11 
им | 1:32 | 1.55 | 1.75 | 1.94 | 2.18 | 2.36 | 2:74] 290] 12 
1:16 | 1.31 | 1.52 | 1.72 | 1:90 | 2:13 | 2:29 | 2:66 | 2.81 13 
116 | 1:30 | 1.50 | 1.69 | 1:87 | 2:08 | 2.24 | 2:58| 2.72| 14 
115 | 129 | 149 | 1.67 | 1.83 | 2:04 | 2:19 | 2:51| 2.65| 15 
1.15 | 1.28 | 1.47 | 1.64 | 1.80 | 2.00 | 2.14 | 2.45] 2.58] 16 
1718 |127 | 1.46 | 162 | 1.78 | 1.97 | 2:10 | 240] 2/52] 17 
1.14 1.26 1.44 1.60 1.75 1.93 2.06 2.35 2.47 18 
1:14 | 1.26 | 1.43 | 159 | 1.73 | 1.90 | 2:03 | 2:31 | 242] 19 
134 | 1.25 | 1.42 | 1.57 | 1.71 | 1.88 | 2.00 | 2:27 | 2:37 | 20 
1.13 | 1.24 | 1.40 | 1.54 | 1.67 | 1.83 | 1.95 | 2.19| 2.30| 22 
133 | 123 | 1.38 | 1.52 | 1:64 | 1.79 | 1:90 | 2:13 | 2:23| 24 
1715 | 1.22 | 1.37 | 1.50 | 1.61 | 1.76 | 1:86 | 2.08] 2.17| 26 
112 | 1:22 | 135 | 148 | 1:59 | 1.72 | 1.82 | 2:03| 219] 28 
1718 | 1.21 | 1.34 | 1:46 | 1.57 | 1.70 | 1.79 | 1:99 | 2:07 | 30 
1.11 | 1.19 | 1.32 | 1.42 | 1.52 | 1.64 | 1.72 | 1.90 | 1.98] 35 
1710 | 138 | 1.30 | 1.39 | 1.48 | 1:59 | 1.67 | 1:84 | 1:90] 40 
1`10 | 1:17 | 1.28 | 1.37 | 1.45 | 1.55 | 1.63 | 1.78] L.84| 46 
1`09 | 116 | 1.26 | 1:35 | 1.43 | 1.82 | 1.59 | 1.73 | 1179] δῦ 
1-09 | 116 | 1.25 | 1.33 | 1:41 | 1:50 | 1.56 | 1.69 | 1.75) 55 
1.09 | 1.15 | 1.24 | 1.32 | 1.39 | 1.47 | 1.58 | 1.66] 1.71 60 
LOS | 1:14 | 1.22 | 1:29 | 136 | 1:43 | 1.49 | 1.60 | 1.65 | то 
tos | 1.13 131 | 1.27 | 1:33 | 1.40 | 1.45 | 1.56 | 1.60 | 80 
toy | 1:12 | 1.20 | 1:26 | 1:31 | 138 | 1.43 | 1.52 | 1:56 | 90 
L0: | 1.12 | 1:18 | 124 | 1.30 | 1.36 | 1.40 | 1.49 | 1.53 | 100 
aut | 1.17 | 1.22 | 1.27 | 1:32 | 1.36 | 1.45 | 1.48| 120 
1.08 110 1.16 | 1.20 | 1.25 | 1.30 | 1.33 | 1.41 | 1.44 | 140 
1-08 | 109 | 1.15 | 1:19 | 1.23 | 1.28 | 1,31 | 1.38 | 141] 160 
1.08 | p09 | 1:14 | 1.18 | 1:22 | 1:26 | 1529 | 1:36 | 138] 180 
1:05 | ros | 1.13 | 1-17 | 1.21 | 1.25 | 1.28 | 1.34 | 1.36 | 200 
от | 1.12 | 1.15 | 1.18 | 1.22 | 1.25 | 1.30 | 1.32| 250 
10 Lor 111 | 1.14 | 1.17 | 1.20 | 1:22 | 1.27 | 1:29 | 300 
1.04 | ros | L10 | 1:13 | 115 | 118 | 1:21 | 1.25 | 1:27 350 
1.04 | 10ο | 109 | 1.12 | 1:14 | 1:17 | 119 | 1.24 | 1:25 | 400 
1.04 {106 | 1.09 | 1-11 | 113 | 1-16 | 118 | 1.22] 1:23 | 450 
1.08 | 1.11 | 1.13 | 1.15 | 1.17 | 1.21 | 1.22 500 
1.08 1.05 | 1-07 | 1.09 | 110 | 1712 | гы га 1:18) 750 
1-08 | 102 | 106 | 1-07 | 1.09 | 1.11 | 112 | 1.14| 1.15 | 1000 
1.02 | 1.05 | 1.02 | 1.03 | 1-04 | 1-05 | 1.05 | 1.06 | 1.07 | 5000 
pan 1` 1 1 1 1 1 1 1 © 
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section 


4 


NONPARAMETRIC 
AND 
DISTRIBUTION-FHREE 
TESTS 


Recent years have seen the development of а mmber of μα. 
st procedures which do not require strong assumptions as to the na ate 
ορ lation distributions. This is in contrast with most of the test 
'. кеј utilizing the tables in the preceding section, which дерше 
D $ assumptions about distributions and/or parameter values. 
емиш: sontáias tables useful with а number of nonparametric 
een rad procedures described are all diseussed more fully in refs, 
ests. 5 
θε F 1 is in three parts. The first part is for the Kolmogorov- 
5 К. - test, and the second and third parts are for use with 
oe ple test. All three tables use a statistic D. For the one-sample 
the pie еа Ae absolute difference in relative frequency between 
о үү ети пива um step function and а completely 
the тон lative probability distribution. The hypothesis that the 
ке т SH from a population distributed according to the speci- 
sample ш v" is rejected at the а level of significance if the observed 
c si Зеу. Ἐκ value for the desired level of significance and 
= ae the test is against the composite alternative that the speci- 
pages um tion is adi correct; hence the test is sensitive to differences in 
n ig "dis л. in skewness, ete. The а level critical value of D 
рашы fe size may also be used to construct a confidence band 
+ ER mm a — a) about the observed cumulative-proportion step 
with с 
a sample lest, D is defined as the maximum difference in the 
1 т: шш between the two-sample eumulative-proportion step 
pue s din one-tailed test and as the maximum absolute difference 
€ Ж о for the two-tailed test. The one-tailed test examines the 
Between a : E the two samples were drawn from the same population 
sc amni | > зай уе that one population is “stochastically larger” than 
vacui юта the two-tailed test is sensitive to any kind of difference 
үрөн άμα о populations. The value К actually tabulated in the 
wri tle i Table 7-1 is N times D, where N is the common sample 
. ars samples and hence is simple frequency difference. Note 
ай оп ii 7 f N is used to indicate sample sizes in the third part of 
thet zi е ош approximation can be used for the one-tailed 
позе. τ дрн Бој The chi,square approximation makes use of the 
test with чо uantity 4D?N1Ns/(N, + N3) is approximately distributed 
; τ A niet 220 with 2 degrees of freedom when №, and М» are reason- 
ike the chi-: 
и и 7-2 is in two parts for use with the one-s 
€ 'The one-sample runs test is used to t 
бие sampling with а dichotomous (or arti 
nin није мае, which takes either of two pos 
ouam] ..... - of one or more like result 
efin moe 


ample and two-sample 
est the hypothesis of 
ficially dichotomized) 
sible values, A run is 
5 bracketed by unlike 
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results, and the number of runs и is simply the number of such sequences. 
The two-sample runs test is used to test whether two samples have been 
drawn from populations having the same probability distribution versus 
the alternative that the two populations differ in any respect whatsoever. 
The total of N, + №, observations are put in rank order, and the number 
of runs in this ordered series are then determined where a run is defined 
as any sequence of observations from the same sample bracketed by 
observations from the other. The first part of Table 7-2 presents the 
cumulative probability distribution of и for various combinations of 
sample sizes №, and №, and the second part contains some fractiles or 
percentage points of the distribution. Both tables may be used with 
either the one-sample or two-sample test. For the one-sample test, the 
hypothesis of random sampling is rejected if there are either too few or 
too many runs, while in the two-sample test the null hypothesis is 
rejected only if there are too few runs. 

The Wilcoxon signed-ranks test examines hypotheses about popu- 
lation medians. The hypothetical median is subtracted from each observa- 
tion in a sample, and the resulting scores are put in rank order, dis- 
regarding the sign. The sign of the difference is then assigned to the 
corresponding rank, and the positive ranks are summed to obtain the 
statistic T. Table 7-3 contains selected percentage points of the dis- 
tribution of T for various values of sample size N. Either one-tailed 
or two-tailed tests may be earried out, depending on the nature of the 
alternative hypothesis. For larger values of N, we may make use of the 
fact that T' tends to be approximately normal with mean N(N + 1)/4 
and variance N(N + 1)(2N + 1)/24. The observed value of T is con- 
verted into a standardized normal deviate using these values and a 
correction for continuity (see also Sec. 5). 

The signed-ranks test is partieularly valuable for testing the hy- 
pothesis that the median-differenee score for matched or repeated 
observations is zero (or some other hypothetieal value). This test is 
carried оче by regarding the difference score as the variate of interest. 

The Walsh test is used to test the hypothesis that a sample has been 
drawn from a population in which the true median is zero versus either 
a one- or two-tailed alternative. А necessary assumption is that the proba- 
bility distribution of the variate in question is symmetrical. 

Table 7-4 contains critical values of the Walsh test for selected 
significance levels and sample sizes. The symbol и designates the median, 
and d; refers to the ith value in the sample after the observations have 
been put in rank order. This test is partieularly useful in testing hypothe- 
ses about median-difference scores for data obtained in matched pairs 

r by repeated observations. A slight modification of the procedure per- 
“ ting hypotheses other than those when the median is zero (ref. 2). 
κ.» инт or Mann-Whitney U test is one of the most extensively 


253 


used and powerful of the nonparametric tests. The rank-sum test is used 
to test the hypothesis that two independent samples of observations have 
been drawn from the same population against either a two-tailed alterna- 
tive that the samples come from a different population, or a one-tailed 
alternative that a specified one of the samples came from a “stochastically 
larger” population than the other. Let №, denote the size of the smaller 
sample, and Ns the size of the larger. The total of №, + М» observations 
are combined and put in rank order, the smallest observation being 
assigned a rank of 1, etc. The sum of ће N, ranks, 7’, is computed for 
the smaller sample. 

Table 7-5a contains percentage points of the sampling distribution of 
T" for various combinations of М, and М». Table 7-5, consists of critical 
values of a related statistic U, defined as the number of times that an 
observation from one sample precedes an observation from the other in 
the pooled ranking. U and 7" are related by the fact that for the two- 
tailed test U equals the smaller of the two values N,N, + Νι(Νι + 1)/ 
2 — T” or T' — Ni(N; 1)/2. The rejection region consists of values of 
U equal to or less than the appropriate tabulated value. Care must be 
taken when using either 7" or U as a one-tailed test in order to keep the 
direction of the rejection region consistent with the direction of the 
alternative. To test against the alternative that sample A came from a 
stochastically larger population than sample B, U would be defined as 
the number of times an observation from B preceded an observation from 
А regardless of the sample sizes. The interpretation of T' is somewhat 
simpler. If the alternative specifies that the numerically smaller sample 
came from the stochastically larger population, we would accept the 
alternative for large values of Т” and vice versa. For a two-tailed test, 
the rejection region consists of both “too large" and “too small" values 
u T. 

Table 7-56 complements Table 7-5a in that the critical values of 
U are listed for larger sample sizes than those available in Table 7-54 for 
T’. For even larger samples, 7" is approximately normally distributed 
with mean Ni(N; + М, + 1)/2 and variance NiNAN, + N. + 1)/2. 
А correction for continuity should be employed in converting 7' to 
à standardized normal deviate (Sec. 5). 

Table 7-6 is used in connection with the two-way analysis of variance 
by ranks. The data are cast in a two-way table with N rows and £ columns. 
Each row represents a subject or matched subjects, and the columns 
represent various treatments or experimental conditions. The scores in 
each row are ranked, and the data consist of the rank values, The test 
procedure examines the hypothesis that the different columns of ranks 
come from the same population against the alternative that they come 
from different populations. The statistic utilized is defined as 


254 


K G ш а 


g” 


= 


= к= = 


А 12 
x NRE D 
where R; denotes the sum of the ranks in the jth column. 

Table 7-7 contains values of p (significance level) defined as the area 
to the right of the tabulated value in the sampling distribution of χε” for 
k equal 3 and 4 and selected values of N. For larger values of k and N, 
x? is distributed approximately as a chi-square variate with £ — 1 
degrees of freedom. The rejection region consists of values of х? as large 
as or larger than the value such that the probability of x,? exceeding the 
chosen value equals the desired significance level. 

A one-way analysis of variance by ranks may be carried out when the 
data are in the form of k independent samples of observations, each 
perhaps corresponding to a different experimental condition or treatment, 
and it is desired to test the hypothesis that the k samples have been 
drawn from a common population of measurements versus the alternative 
that the samples come from different populations. Let »; denote the size 
of the jth sample and N the sum of the л. The total of N observations is 
pooled and replaced by ranks with the smallest observation replaced by 
rank 1, etc. The sum of the ranks is computed separately in each sample, 
denoted by В; and the statistic 

12 

# = W(N +1) 
is computed. H is approximately distributed as chi-square with df = k — 1 
and the null hypothesis is rejected for large values of H. When k = 3 
and the number of cases in each sample is five or fewer, the chi-square 
approximation to the sampling distribution of H is not accurate. Table 
7-7 contains critical values of H for various values of significance level p 
and combinations of sample sizes when k = 3. The significance levels 
tabulated give the probability of obtaining an observed value of H as 
large or larger than the associated value when the null hypothesis is true. 

Table 7-8 can be used to construct 1 — а nonparametric confidence 
intervals for а sample median based on a continuously distributed ran- 
dom variable. The observations are put in rank order, and we can be 
100 (1 — a) percent confident that the population median lies between 
X, and Кук, where k is given in the table as a function of N and a. 

The sign test essentially tests the hypothesis that the median differ- 
een matched pairs of observations is zero. To carry out the test, 
rs of positive and negative differences between pairs are 
e direction of difference always being the same, and the 
probability of occurrence of the observed numbers is evaluated by refer- 
ence to a binomial distribution with р equal 1% and N equal to the number 
of pairs. А more comprehensive discussion may be found in refs. 2 and 10. 


[Σ ΒΡ — 3N (k + 1)] 


[2 (А/М) — 3(N + 1)] 


ence betw 
the numbe 
recorded, th 
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Table 7-9а lists two-tailed percentage points of the binomial dis- 
tribution for p equal 14 and various values of N. The numbers in the body 
of the table are numbers of “successes” or “failures,” whichever is the “ 
less frequent, such that the probability of occurrence of this few or fewer 
of the less frequent occurrence is equal to or less than the corresponding 
column heading. Each row of the table corresponds to a different value 


of М, the total number of occurrences. Table 7-96 shows cumulative 
probabilities for various values of N. 
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TABLE 7-1. TABLES FOR KOLMOGOROV-SMIRNOV 
TESTS* 


Table 7-la. Table of critical values of D in the Kolmogoroy- 
Smirnoy one-sample testi 


Sample | Level of significance for D = maximum |Ро(Х) — Sy(X)| 
size 
(N) 20 45 10 05 οι 
1 .900 .925 .950 -975 .995 
2 .684 .726 -776 .842 .929 
8 .565 .597 .642 .708 .828 
4 .494 -525 .564 .624 .733 
5 «446 .474 -510 -565 -669 
6 .410 .436 .470 .521 .618 
ү .381 .405 .438 .486 .577 
8 .358 .381 «411 .457 .543 
9 .339 .360 .388 .432 .514 
10 .322 .342 .368 .410 -490 
11 .307 .326 .352 .391 .468 
12 .295 .313 .338 .375 -450 
13 384 ..802 .325 .361 .433 
14 .274 -292 -314 „349 .418 
15 .266 .283 -304 .338 .404 
16 .258 .274 .295 .328 .392 
17 .250 .266 .286 .318 .381 
18 244 -259 .278 .309 .371 
19 «297 «252 «272 .301 .363 
20 .231 .246 .264 .294 .356 
25 21 .22 .24 .27 .32 
30 .19 .20 .22 .24 .29 
35 8 19 «91 .23 .27 
Over 35 1.07 1.14. 1.22 1.36 1.63 
VN VN VN VN VN 


* From S. Siegel, “Nonparametric Statistics,” McGraw-Hill Book Company, 
k, 1956. 1 | 
ο. τ άνδρα from F. J. Massey, Jr., The Kolmogorov-Smirnov Test for Goodness of 
Fit, J. Amer. Statist. Ass., νο]. 46, р. 70, 1951, with the kind permission of the author 
jt, J. A - 


and publisher. 
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Table 7-1b. Table of critical values of 
Kp in the Kolmogorov- 
Smirnoy two-sample test 


(Small samples) 


One-tailed test* | Two-tailed testi 


R 
Iz 
° 
a 
R 
Ш 
© 
= 
R 
" 
° 
a 
R 
Iz 
© 
= 
y 


pem) 


= 


3 8 = = 

4 4 = 4 — 

5 4 5 5 5 

6 5 6 5 6 | 

7 5 6 6 6 | 

8 5 6 6 7 = 

9 6 7 6 7 
10 6 7 7 8 { 
11 6 8 7 8 Г 
12 6 8 7 8 = 
13 7 8 7 9 | 
14 7 8 8 9 : 
15 7 9 8 9 [ 
16 7 9 8 10 3 
17 8 9 8 10 : 
18 8 10 9 10 | 
19 8 10 9 10 | 
20 8 10 9 11 | 
21 8 10 9 11 
22 9 11 9 11 г 
23 9 11 10 11 [ 
24 9 11 10 12 4 
25 9 11 10 12 
26 9 11 10 12 ; 
27 9 12 10 12 [ 
28 10 12 11 13 s 
29 10 12 11 13 : 
30 10 12 11 13 ll: 
35 11 13 12 [ 
40 11 14 13 i 


* Abridged from L. A. Goodman, Kolmogorov-Smirnov Tests for Psychological 
Research, Psychol. Bull., vol. 51, p. 167, 1954, with the kind permission of the author 
and the American Psychological Association. 

t Derived from Table 1 of Е. J. Massey, Jr., The Distribution of the Maximum 
Deviation between Two Sample Cumulative Step Functions, Ann. Math. Statist., vol. 
22, pp. 126-127, 1951, with the kind permission of the author and the publisher, 


Р ШЕ? | 
= 


= 
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Table 7-1c. Table of critical values of D in the 
Kolmogoroy-Smirnoy two-sample test 
(Large samples: two-tailed test) * 


Value of D so large as to call for rejection 
Level of significance | of Ho at the indicated level of significance, 
where D = maximum |S,,(X) — 8,,(X)| ` 


* Adapted from N. Smirnov, Tables for Estimating the Goodness of Fit of 
Empirical Distributions, Ann. Math. Statist., vol. 19, pp. 280-281, 1948, with the kind 
permission of the publisher. 
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TABLE 7-2. TABLES FOR THE RUNS TEST 


Table 7-2a. Critical values of r in the Runs test* 


Given in the bodies of Table 7-2a and Table 7-2b are various critical values of r for 
various values of πι and п». For the one-sample runs test, any value of r which is 
equal to or smaller than that shown in Table 7-2а or equal to or larger than that shown 
in Table 7-26 is significant at the .05 level. For the Wald-Wolfowitz two-sample runs 
test, any value of r which is equal to or smaller than that shown in Table 7-2a is 
significant at the .05 level. 


/ 


ја 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 = 
та 

9 222222222 | 
3 22222272 2 2 2 8 3 3 84 8 $ E 
4 29 2555 8 3 а 8 4 4 £ 4 4 
5 2233332824 4 4 4 4 4 4 B 5 5 
6 2233853444 55 55* оо В 
7 223334455 5 5 5 6 6 6 6 6 6 К 
8 233344555 6 6 6 6 6 7 7 7 7 

9 2 388 445558 6 6 7 T 7 T & а 8 
10 Να το τν у ты АЁ 
п 2844152528297 T T 8 8 8 9 $ ὃ $ B 
12 |22 3445 6 6 7 7 7 8 8 8 9 9 9 10 10 
13 22345560677 8 8 9 9 9 10 10 10 10 s 
14 52 ΤΙ ΤΤΙΝ. 
15 |2 3 3 45 6 67 7 8 8 9 91010 n n n 1 № 
16 |2 3 4 4 5 6 6 7 8 8 9 9 10 10 H 1 n 12 19 
17 |2 3 44567789 9 10 10 11 11 1 12 12 13 
18 |2 3 4 5 5 6 7 8 8 9 9 10 10 11 12 19 13 13 
19 [2 3 4 5 6 6 7 8 8 9 10 10 11 11 12 12 13 13 13 
20 |23 4 5 6 6 7 8 9 9 10 10 11 12 12 13 13 13 14 


* Adapted from Frieda 8. Swed and C. Eisenhart, Tables for Т 
of Grouping in a Sequence of Alternatives, Ann. Math. Slatist., vol. 14, pp. 83-86, 
1943, with the kind permission of the authors and publisher. Reprinted from 8. Siegel, 
“Nonparametric Statistics," McGraw-Hill Book Company, New York, 1956. Y 


esting Randomness 


= = = = = = = = = = 
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| Table 7-26. Critical values of r in the Runs test 


™lo 3 4 5 67 8 9 1011 12 13 14 15 16 17 18 19 20 
τι 

2 

8 

4 ϱ 9 

5 9 10 10 11 11 

6 9 10 11 12 12 13 13 13 13 

7 11 12 13 13 14 14 14 14 15 15 15 

8 111213 14 14 15 15 16 16 16 16 17 17 17 17 17 
9 13 14 14 15 16 16 16 17 17 18 18 18 18 18 18 
10 13 14 15 16 16 17 17 18 18 18 19 19 19 20 20 
11 13 14 15 16 17 17 18 19 19 19 20 20 20 21 21 
12 13 14 16 16 17 18 19 19 20 20 21 21 21 22 22 
13 1516 17 1819 19 20 20 21 21 22 22 23 23 
14 15 16 17 18 19 20 20 21 22 22 23 23 23 24 
15 1516 18 18 19 20 21 22 22 23 23 24 24 25 
16 17 18 19 20 21 21 22 23 23 24 25 25 25 
17 17 18 19 20 21 22 23 23 24 25 25 26 26 
18 17 18 19 20 21 22 23 24 25 25 26 26 27 
19 17 18 20 21 22 23 23 24 25 26 26 27 27 
20 17 18 20 21 22 23 24 25 95 26 27 27 28 
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Table 7-24. Distribution of the total number of runs* 


The values listed on the previous page give the chance that и or fewer runs will 
occur. For example, for two samples of size 4, the chance of three or fewer runs is 


» larger than 10 the following table can be used. The 
, 5 give values of such that и or fewer runs occur with 
їз = 12 the chance 
give values of u 
‚ 1, 0.5 percent. 


.114. For sample sizes №, 
columns headed 0.5, 1, 2. 
chance less than the indicated percentage. For example, for №, 
of 8 or fewer runs is about .05. The columns headed 


for which the chance of и or more runs is less than 


N. = N. | 0.5 1 2.5 5 95 | 97.5| 99 | 99.5 | Mean| Var. s.d. 
11 5 6 1 7 16 16 17 18 12 5.24 | 2.29 
12 οἱ τ] 7| s| 17] 18| 18| 19] 13 | 5.74 | 2.40 
13 7 7 8 9 18 19 20 | 20 14 6.24 | 2.50 
14 7 8 9 | 10 19| 20| 21] 22 15 6.74 | 2.60 
15 8 9 | 10 | 1 20 | 21| 22| 23 16 7.24 | 2.69 
16 9 | 10 | 11 | 11 | 32] 22| 23| 24| 17 | 7.74 | 2.78 
7 | 10 | 10 | 11 | 12 | 38] 24] 35] 35] 18 | 8.24 | 2.87 
18 10 | 115 12 | 13 | 24| 25| 26] 27| 19 | 8.74 | 2.96 
19 11 12 13 14 25 | 26) 27 28 20 9.24 | 3.04 
20 12| 13. | 14 | 15 | 26| 27| 28| 29] 21 | 9.74 | 3.12 
25 16 | 17 | 18 | 19 | 32| 33| 34| 35 26 | 12.24 | 3.50 
30 20 | 21 22 | 24 37| 39| 40| 41 31 | 14.75 | 3.84 
35 24 | 25 | 27 | 28 | 43| 44| 46| 47 36 | 17.25 | 4.15 
40 29 | 30 | 31 | 33 | 48| 50| 51| 52 41 | 19.75 | 4.44 
45 33 | 34 | 36 | 37 54| 55| 57| 58 46 | 22.25 | 4.72 
50 37 | 38 | 40 | 42 59 | 61 63 64 51 | 24.75 | 4.97 
55 42 | 43 | 45 | 46 | 65| 66| 68| 69 56 | 27.25 | 5.22 
60 46 | 47 | 49 | 51 70| 72| 74 75 61 | 29.75 | 5.45 
os | so | 52 | 54 | 56 75| 77] тој 81) 66 | 32.25 | 5.68 
70 55 | 56 | 58 | 60 | 81| 83| 85| 86 71 | 34.75 | 5.89 
75 59 | 61 63 | 65 86 | 88| 90| 92 76 | 37.25 | 6.10 
80 6 | 65 | 68 | 70 | 91] 93| 96] 97] ві | 39.75 | 6.30 
85 68 | 70 | 72 | 74 97 | 99 | 101 | 103 86 | 42.25 | 6.50 
90 73 74 | 77 | 79 | 102 | 104 | 107 | 108 91 | 44.75 | 6.69 
d 77 | 79 | 82 | 84 | 107 | 109 | 112 | 114 96 | 47.25 | 6.87 

100 82 | 84 86 | 88 | 113 | 115 | 117 | 119 | 101 | 49.75 | 7.05 
—— 
Ni and №», particularly for №, = № greater than 10, а normal 


For large values of 
approximation may be used. The mean and variance are 


к? Ñ 2N N:(2N -- № — №) 
want! an (ТАА +N 1) 


20 the mean is 21, and the variance is 


+ 1.96 4/9.74 and 21 — 1.96 4/9.74 or 27.1 


i " «ample, for Ni = № 
eetively. For ех 3 > 
ΓΕ 5 percentiles are 


74. The 97.5 and 2. Ere 
9.74. Т he approximation is improved if 15 is subtracted from the computed values. 
and 144 "m percentiles would then be 26.6 and 14.4. For two samples each of size № 
as а 18 τ + 1, and the variance is N(N — 1)/(2N — 1). 
{һе теа! 


J. Massey, "Introduction to Statistical Analysis," 


J. Dixon and F: З 
New York, 1957. 


ні Book Company, 


* From W. 
2d ed., McGraw 


Table 7-3. 


The percentiles listed cover the range а = .005 to .125 for every sample size up 
to № = 20. Values Те are such that the probability is а that the signed rank statistic 
is less than or equal to Та. The values Τι are such that the probability is а that T 


is greater than or equal to Ti-a- 


T. Prè a Те Tia а 
N = N = 9 (cont.) 
0 1 .500 4 41 «014 
N=2 5 40 .020 
0 3 .250 6 39 .027 
N =3 7 38  .037 
0 6 .125 8 37 .049 
N =4 9 36 .064 
0 10 .062 10 35  .082 
1 9 .125 11 34  .102 
-5 12 33  .125 
0 15  .081 N Ξ 10 
1 14 .062 8 52 «005 
2 13 .094 4 51 .007 
8 12 156 5 50  .010 
=6 6 49  .014 
[U 21  .016 7 48 «019 
1 20 .031 8 47  .024 
2 19  .047 9 46  .032 
3 18  .078 10 45  .042 
4 17 .109 11 44  .053 
5 16  .156 12 43  .065 
=7 13 42 080 
0 28  .008 14 41  .097 
1 27  .016 15 40  .116 
2 26  .023 16 39  .138 
3 25  .039 -11 
4 24  .055 5 61  .005 
5 23  .078 6 60  .007 
6 22  .109 7 59 .009 
7 21  .148 8 58  .012 
N-8 9 57  .016 
0 36  .004 10 56  .021 
1 35  .008 11 55  .027 
2 34  .012 12 54  .034 
3 33  .020 13 53  .042 
4 32  .027 14 52  .051 
5 31  .039 15 51  .062 
6 30  .055 16 50  .074 
7 29 .074 17 49  .087 
8 28  .098 18 48 .103 
9 27  .125 19 47  .120 
-9 20 46  .139 
1 44 .004 = 12 
2 43 «006 7 71  .005 
3 42  .010 8 70 «006 


* From W. J. Dixon and F. J. Massey, "Introduction to 


Critical values for the Wilcoxon signed-rank test* 


а 


-008 
-010 
-018 
-017 
-021 
.026 
.032 
.039 
.046 
«055 
-065 
.076 
.088 
.102 
йт 
.133 


-004 
-005 
-007 
-009 
«011 
‚013 
-016 
-020 
-024 
-029 
.034 
.040 
.047 
.055 
.064 
.073 
.084 
.095 
.108 
.122 
.137 


.004 
.005 
-007 
-008 


Та Tis 
N = 12 (cont.) 
9 69 

10 68 

11 67 

12 66 

18 65 

14 64 

15 63 

16 62 

17 61 

18 60 

19 59 

20 58 

21 57 

22 56 

28 55 

24 54 

= 13 

9 82 

10 81 

11 80 

12 79 

13 78 

14 77 

15 76 

16 75 

17 74 

18 73 

19 72 

20 71 

21 70 

22 69 

23 68 

24 67 

25 66 

26 65 

27 64 

28 63 

29 62 

= 14 

12 93 

13 92 

14 91 

15 90 

16 89 


24 ed., McGraw-Hill Book Company, New York, 1957. 


.010 


Та Tia а 
N = 14 (cont.) 


17 88 019 

18 87 015 

19 86 .018 

20 85 .021 

21 84 026 

22 83  .029 

23 82 084 

24 81  .039 

25 80  .045 

26 79 .052 

27 78  .059 

28 77 068 Γ 
29 76 οὐ ^ 
30 75  .086 E 
31 74 .097 x 
32 73  .108 l 
3 72 am © 
34 71 .134 


N=15 ' 
15 105 .004 I 


16 104 .005 Г 

17 103 .006 

18 102 .008 4 

19 101 .009 I 

20 100 0и Š 

21 99  .013 

22 98 015 : 

23 97 018 I 

24 96 .021 

25 95 094 — 
26 94 .028 и. T 
7 93 032 [ š 

28 92 06 τ. 

29 91 042 

3 9 от . | ЦЕ 
31 89 059 1 | 

32 88 060 ^ 

33 87 068 ; 

34 86 076 Ш 
35 85 054 l i 
36 84 094 τ. 

37 83 104 Њ. 

38 82 ΠΒ 

39 81 126 D ч 


1 
Statistical Analysis," = 
" 


Table 7-3. Critical values for the Wilcoxon signed-rank test 


(continued) 
Be Tia α Te Tae а Ta Ti-a а Те Tua а 
М = 16 N = 17 (cont.) N = 18 (cont.) ΔΝ = 19 (сопё.) 


19 117 0065 36 17 .028 51 120 O71 64 126 112 
20 16 005 37 116 .032 52 119 .077 65 125 121 
21 115 .007 38 115 «056 53 118 .084 66 124 .129 
22 114 .008 39 114 .040 54 ΠῚ 091 М =20 
23 113 .009 40 113 .044 55 116 .098 37 173  .005 
24 112 .01 41 112 .049 56 115  .106 38 172  .005 
25 111 .012 42 111 .054 57 114 114 39 171 .006 
26 110 .014 43 10 .060 58 113 .123 40 170 .007 
27 109 .017 44 109 .066 59 112 .132 41 169 .008 
28 108 .019 45 108 .072 N =19 42 168 009 
29 107 02 46 107 .080 32 158 .005 48 167 .010 
30 106 .025 47 106 .087 33 157 05 44 166 .011 
31 105 09 48 105 .095 34 156 .000 45 165  .012 
32 104 03 49 104 .103 35 155 .007 46 162 .013 
зз 103 .037 50 103 .112 36 154 .008 47 163 .015 
34 102 .042 51 102 .122 37 153 .009 48 162 .016 
35 101 .047 52 101 .132 38 152 .010 49 161 .018 
36 100 .052 N Ξ 18 39 151 .011 50 160 .020 
37 99 .058 27 144 «004 40 150 .013 51 159  .022 
38 98  .005 28 143  .005 41 149  .014 52 158  .024 
за ог 0 а 18 бв 42 3 0ш оа ΠῚ 027 
40 96 .080 30 141 .007 43 147  .018 54 156  .029 
41 95  .088 31 140 «008 44 146  .020 55 155  .032 
а м м % ш) we te MI .035 
43 93 «106 33 138 «010 46 144 .025 57 153  .038 
Aa ο ив ш а Ma в 152 «041 
o us 85 № ΟΙ 48 M ΠῚ 58 м ш 
46 90 .137 36 135  .015 49 141 .033 60 150 .049 
N = 17 37 134 .017 50 140 .036 61 149 .053 
23 130 «005 38 133 .019 51 139 .040 62 148 .057 
‚005 39 132 .022 52 1388 .044 63 147 .061 
25 128 .006 40 131 .024 53 137  .048 64 146 .066 
127  .008 41 130 .027 54 136  .052 65 145  .071 
196 .009 42 129 «080 55 135 .057 66 144 .077 
і 43 128 «088 56 134 .062 67 143  .082 
29 124 .012 44 197  .037 57 133  .007 68 142 .088 
123 «015 45 126  .040 58 132 .072 69 141 .095 
.015 46 125 «046 59 131 .078 70 140 .101 
32 121 .017 47 124 .049 60 130 .084 71 139 .108 
33 120 .020 48 123 .054 61 129 .091 72 138 .115 
.022 49 122 «059 62 128 .098 73 137 .123 
50 11 .065 08 127 2105 74 136 191 
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Table 7-4. Critical values for the Walsh test* 


Tests 
Significance 
Ж торма Two-tailed: accept #1 = 0 if either 
aqa One-tailed: accept µι < 0 if One-tailed: accept μι > 0 if 
4 | .062 | .125 а «0 850 
«065 | .125 3d. d) со ld +а:) »0 
5 | созі | 062 ds «0 di »0 
+047 | .094 | max [ds, 02+ d)] < 0 min [ds, 3 (а: + dj] > 0 
6 | .031 | ‘062 λ(ἀν ἂν) «0 9+4) >0 
-016 | 1031 ds «0 di >0 
+055 | .109 | max [d }(di + ἀπ] <0 min [ds, 3(4 + 40] > 0 
+023 | .047 | max [de, $ (ав + ἀπ] < 0 min (02, 402. + d] 2 0 
7 | 2016 | созт 34 td) «Ὁ а + ds) >0 
-008 | .016 d: <0 d > 0 
-043 | .086 | max [ds (44 + а) > 0 min (4, (di + ἀν] > 0 
-027 | .055 | max [ds (ds + ај < 0 min (4, à(di + d)] S 0 
8 | .012 | .023 | max (dz, 3(ds + ἄν] < 0 min (42, à(di + d] 50 
.008 | .016 ка + d) «0 (di + da) > 0 
.004 | «008 ds <0 di > 0 
+051 | .102 | max [de 3(d, + d$] < 0 min [ds 300 + d)] > 0 
+022 | .043 | max [ds Md: + ἀν] < 0 min (4, За + ἀν] >0 
9 | .010 | .020 | max [ds }(ds + ἀν] < 0 min (42, а + d)] Š 0 
-006 .012 | шах (а: + do)] < 0 min [ds, а + а;)] > 0 
-004 | 008 (ds +a) со 9 + ds) > 0 
+056 | .111 | max (de, 08+ di)] со min [ds, #(4 + 22] > 0 
+025 | .051 | тах[4„ }(ds + di)] < 0 min (д, $ (41 + d)] Š 0 
10 on | :021 | max [du а, + dio)] <0 min (8, 3(di + d)] $0 
+005 | .010 | max [dy (de + di)] < 0 min [ds, à(di + d)] Š 0 
+048 | .097 | max (dz, 3(ἀι + du] < 0 min (ds, }(di + ds)] > 0 
11 | :028 | -056 | max [d;, }(ds ај < 0 min [ds, 3 (9: + d] > 0 
011 | .021 | max [ὲ (άν + dn), }(ds дој «0 min [l (d) + d), 4(ds +40] > 0 
{005 | .011 | max [d» (dr + du)] < 0 min [ds di + ἀν} > о 
"047 | .094 | max [}(di + dis), (ds ан] < o min [3(d: + dy), &(d + ἀρ] > 0 
12 | +024 | .048 | max [ds, (а, + dis)] «Ὁ min [ds, (4: +'ds)] > 0 
-010 | .020 | max [ds }(de + di)] < 0 min (а, } (а, + d] Š 0 
{005 | .011 | max [i(d; + dis), 04 + di] < 0 min [3 (άν + de), Ка, + ao] > 0 
"047 | .094 | max ја + du), Hds + din] < 0 min [) (d) + di), 3(ds + dp] > о 
13 | “028 | .047 | max В (ав + dis), Mds + di] < 0 min [ (di + do), 4(d + ἀν] > 0 
“010 | .020 | max [}(de + du), (4, аш] < 0 min [M (di + ds), 4 (44 + ἀν] > 0 
{005 | .010 | max [dio 4 (άν + d1)] < 0 min (де Фа) > 0 
+047 | .094 | max [1 (αι +4, 4+ ἀν] < 0 min [3(di + di), 4(d, + di)] >0 
14 | 033 | -047 | max [id + di), ца + di] < 0 min [3(d: + dio), 1 (ἄν + dp] > 0 
-010 | .020 | max [di, (ав + du) <0 min (4, }(d1 + ds)] >0 
1005 | .010 | max [$41 фо, ао ан] < 0 min [4(di + ds), (44 + dp] > 0 
“047 | -094 | max [100 + di), (ds + di] < 0 min [ (d) + dis), ца + a 
15 | “033 | 208 | max Ba, ie ie e со | min [idi + di), ја τν ES R 
.010 | <0 max [1 (de + dis), )) «0 in [1 (d) + а 
“05 | 1010 | шахына ода h du min [1(ἀι + dio), 3(4ь + də] X 0 


min [ds, }(di + d] > 0 
* Adapted from Walsh, A; tions of Some Signific. 


ance Tests for th 
Median Which Are Valid under Very 5 ΤΟΥ the 


е п eneral Conditions, J. Amer. Statist, Ass., 
44, p. 343, 1949, with the kind permission of the author and t 


from 8. Siegel, “Nonparametric Statistics,” McGraw-Hill Boo 
1956. 
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TABLE 7-5. TABLES FOR THE MANN-WHITNEY TEST 


Table 7-5a. Distribution of the rank sum 7’* 

The values of Th, T, 4, and а are such that if the №, and №, observations are 
chosen at random from the same population the chance that the rank sum 7" of the 
№, observations in the smaller sample is equal to or less than m is а and the chance 
that 7" is equal to or greater than T'i а is а. The sample sizes are shown in parentheses 
(Ni, No). 


Te Ὅς... а To Tia ж "m^ боз м T, σι, а 
(1,1) (2,2) (2,8) (cont.) (3,5) (cont.) 
1 2 .500 8 7 .167 8 14 .267 8 19 01 
(1,2) 4 6 .333 9 13 .356 9 18 125 
1 8 388 5 5 660 10 12 «44 10 17 «190 
2 2 .667 (2,3) 1 11 .556 1 16 .286 
(1,3) 3 9 .100 (2,9) 12 15 .393 
1 4 «250 4 8 «200 3 21 «018 13 14 .500 
2 3 .500 5 7 .400 4 20 .036 (3,6) 
(1,4) 6 6 .600 5 19 .073 = am 
1 5 .200 (2,4) 6 18 .109 т ою 024 
2 4 .400 3 11 .067 7 17 164 "E © “8 
3 3 «600 а 10 «188 8 16 .218 Qn 21^ ORs 
(1,5) 5 9 .207 9 15 201 35 % Hl 
1 6 .167 6 8 .400 10 14 .364 11 19 Ἴ90 
2 5 .333 7 7 .600 41 13 .455 12 18 Po 
8 4 «500 (2,5) 12 12 .545 13 17 τς 
(1,6) Б] 13 .047 (2,10) 14 A yes 
1 7 .143 4 12 .095 3 23 .015 νο. 
2 6 «286 δ 11 .190 4 22 «0890 w 
3 5 .428 6 10 .286 5 21 .061 (8,7) 
4 4 .571 7 9 «429 6 20 .091 б 27 .008 
(1,7) 8 8 .571 7 19 .136 7 26 .017 
1 8 .125 (2,6) 8 18 .182 8 25 .033 
2 7 .250 3 15 .036 9 17 .242 9 24 .058 
3 6 .375 4 14 .071 10 16 .303 10 23 .092 
4 5 «500 5 13 .143 11 15 379 1 22 .133 
(1,8) 6 12 .214 12 14 .455 12 21 .192 
1 g їйї 7 1 а 13 13 .545 13 20 .258 
2 8 .222 8 10 .429 (3,3) 14 19 .333 
3 7 .333 9 9 .571 6 15 .050 15 18 .417 
4 6 44 (2,7) 7 14 .100 16 17 .500 
5 5 .556 з 17 «058 8 13 .200 (3,8) 
(1,9) 4 16 .056 9 12 .350 6 30 006 
1 10 .100 5 15 11 1 11 .500 7 29 .012 
2 9 .200 6 14 .167 (3,4) 8 28 024 
3 8 300 т 13 .250 6 18 058 9 ο «045 
4 7 «400 8 12 .333 7 1 .057 10 26 .067 
5 6 50 9 11 «44 8 16 114 1 95 4597 
(1,10) 10 10 .556 9 15 .200 12 24 139 
1 H .091 (2,8) 10 14 314 13 23 188 
2 10 .182 3 19 .022 11 13 .429 14 22 «948 
3 9 _273 4 18 «04 12 12 .5п 15 21 ‚815 
8 364 5 17 .089 (3,5) 16 20 397 
ame 6 16 .133 6 21 .018 17 19 401 
3 6 545 7 15 .200 7 20 .036 18 18 539 


¿kon and Е. J. Massey, “Introduction to Statistical Analysis,” 
eom W. TL DES New York, 1957. 


Я ay; 
2d ed., MeGraw-Hill Book Company 


Table 7-5а. Distribution of the rank sum Т” (continued) 


q а 
(3,9) 
6 33 
7 32 
8 31 
9 30 
10 29 
11 28 
12 27 
19 26 
14 25 
15 24 
16 23 
17 22 
18 21 
19 20 
(3,10) 
6 36 
7 35 
8 94 
9 98 
10 92 
11 91 
12 30 
13 29 
14 28 
15 27 
16 26 
17 25 
18 24 
19 23 
20 22 
21 21 
(4,4) 
10 26 
πα 25 
12 24 
18 23 
14 22 
15 21 
16 20 
17 19 
18 18 
(4,5) 
10 30 
11 29 
12 28 
13 27 
14 26 
15 25 
16 24 
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а 


а 


-278 
.365 
.452 
.548 


.005 
-010 
-019 
-033 
-057 
«086 
.129 
.176 
.238 
.305 


T2 Tia 
(4,5) (cont.) 
17 23 
18 22 
19 21 
20 20 
(4,6) 
10 34 
11 33 
12 32 
13 31 
14 30 
15 29 
16 28 
17 27 
18 26 
19 25 
20 24 
21 23 
22 22 
(4,7) 
10 38 
1 37 
12 36 
13 35 
14 34 
15 33 
16 32 
17 91 
18 30 
19 29 
20 28 
21 27 
22 26 
28 25 
24 24 
(08) 
10 42 
11 41 
12 40 
1 39 
14 38 
15 37 
16 36 
17 35 
18 34 
19 33 
20 32 
21 31 
22 30 
23 29 


а 


.404 
.467 
.933 


.001 
.003 
.006 
.010 
.017 
.025 
.038 
.053 
‚074 
.099 
.130 
.165 
-207 
.252 
.302 
.355 
.413 
.470 
.530 


-001 
-002 
-004 
-007 
.012 
.018 
.026 
.038 
.053 
.071 
.094 
.120 
.152 
.187 
.227 
.270 
.318 
.367 
.420 
.473 
-527 


-004 
-008 


Жы Tia 
(4,8) (cont.) 
24 28 
25 27 
26 26 
(4,9) 
10 46 
11 45 
12 44 
13 43 
14 42 
15 41 
16 40 
17 39 
18 38 
19 37 
20 36 
21 35 
22 34 
23 33 
24 32 
25 31 
26 30 
27 29 
28 28 
(4,10) 
10 50 
1 9 
12 48 
13 47 
14 46 
15 45 
16 44 
17 43 
18 42 
19 41 
20 40 
21 39 
22 38 
23 37 
24 36 
25 35 
26 34 
27 33 
28 32 
29 31 
30 30 
(5,5) 
15 40 
16 39 
17 38 


-016 


а 


.028 
.048 
.075 
«111 
«155 
«210 
«274 
«345 
«421 
-500 


.002 
.004 
-009 
-015 
.026 
.041 
.063 
.089 
.123 
.165 
.214 
.268 
.331 
.396 
.465 
.535 


.001 
.003 
.005 
.009 
.015 
.024 
.037 
.053 
.074 
.101 
.134 
.172 
.216 
.265 
.319 
.378 
. 438 
.500 


.001 


Te Та 
(5,5) (cont.) 
18 37 
19 36 
20 35 
21 34 
22 33 
23 32 
24 91 
25 30 
26 29 
27 28 
(5,6) 
15 45 
16 44 
17 48 
18 42 
19 41 
20 40 
21 39 
22 38 
23 37 
24 36 
25 35 
26 34 
27 33 
28 32 
29 31 
30 30 
(5,7) 
15 50 
16 49 
17 48 
18 47 
19 46 
20 45 
21 44 
22 43 
23 42 
24 41 
25 40 
26 39 
27 38 
28 37 
29 36 
30 35 
31 34 
32 33 
(5,8) 
15 55 
16 54 


.002 


= 


= 


P| 


ÁB— 


> 


N 


Т» 


ба 


ү” 


г рач [εν к= кш ши шш ше к= [πα πα шш юш 


ТаЫе 7-5а. Distribution of the rank sum 7" (eontinued) 


W qha о Ш в To Ba ë Te a ο 
(5,8) (cont.) (5,10) (cont.) (6,7) (cont.) (6,9) (cont.) 
17 53 .003 20 60 .006 28 56 .026 28 68  .009 
18 52 .005 21 59 .010 29 55 .037 29 67 .013 
19 51 .009 22 58 .014 30 54 .051 30 66 .018 
20 50 .015 23 57 .020 31 53  .069 31 65 .025 
21 49 .023 24 56 .028 32 52 .090 32 64 .033 

4 22 48 «088 25 55 .038 33 51 .117 33 63 .044 
23 47 .047 26 54 .050 34 50 .147 34 62 .057 
24 46 .064 27 53 .065 35 49  .183 35 61 .072 
25 45 .085 28 52 .082 36 48 .223 36 60 .091 
26 44 111 29 51 .103 37 47 .267 37 59 .112 
27 43 .142 30 50 .127 38 46 .314 38 58 .136 
28 42 .177 31 49 .155 39 45 .365 39 57 .164 
29 41 .217 32 48 .185 40 44 .418 40 56 .194 

ј 30 40 «262 33 47 «220 41 43 .478 41 55 .228 
31 39 .311 3 46 .257 42 42 .527 42 54 .264 
32 38 .362 35 45 .297 (6,8) 43 53 .303 
33 37 «416 36 44 .339 21 69 000 44 52 344 
34 36 .472 зт 43 84 22 68 .001 45 51 «988 
35 35 .528 38 42 .430 23 67 .001 46 50 «499 
(5,9) 3 4 .477 24 66 .002 47 49 477 
15 60 «000 40 40 .523 25 65 .004 48 48 .523 
16 59 .001 (6,6) 26 61 .006 (6,10) 
17 58 .002 21 57 .001 27 63 .010 21 81 000 
18 57 «008 22 56 .002 28 62  .015 22 80 .000 
19 56 .006 23 55 «004 29 61 .021 23 79 .000 
20 55 «009 24 54 .008 30 60 .030 24 78 .001 
21 54 «014 25 53 «018 31 59 .041 25 77 .001 
22 δὲ .021 26 52 .021 32 58 .054 26 76 .002 
23 52 .030 27 51 «082 33 57 .071 27 75 .004 
24 δι 041 28 50 .047 34 56 .091 28 74 .005 
25 50 .056 29 49 «060 35 55 .114 29 73 .008 
26 49 .073 30 48 .090 36 54 .141 30 72 .011 
27 48 .095 31 47 «120 37 53 .172 31 71 .016 
28 47 .120 32 46 .155 38 52 .207 32 70 .021 
20 46 «149 33 45 .197 39 51 «246 33 60 058 
30 45 «182 34 44 «242 40 50 .286 34 68 .036 
31 44 «219 35 43 .294 41 49 .331 35 67 .047 
32 43 .259 36 42 .350 42 48 .377 36 66 059 
33 42 .303 37 4 «409 43 47 «490 37 65 0074 
34 41 .350 38 40 «469 4 46 .475 38 64 .090 
35 40 .399 39 39 .581 45 45 .525 39 63 110 
36 30 «449 (6,7) (6,9) 40 62 .132 
37 38 500 21 63 .001 21 75 «000 4l 61 .157 
(5,10) 22 62 .001 22 74 «000 42 60 184 
15 65 «000 23 61 «002 23 73 .001 43 59 .214 
6 в 00 24 60 .004 24 72 00 44 58 946 
17 63 .001 25 59 .007 25 71 .002 45 57 .281 
18 62 002 26 58 .011 26 70 .004 46 56 .318 
19 61 «004 т 57 .017 әт 69 .006 47 55 .356 
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Table 7-5а. Distribution of the rank sum 7" (continued) 


а 


.396 


TS Js 
(6,10) (cont.) 
48 54 
49 53 
50 52 
51 51 
(5) 
28 7 
29 76 
30 75 
aj а 
5 73 
33 72 
84 7 
35 70 
36 69 
37 68 
38 67 
39 66 
40 65 
4 64 
42 63 
43 62 
4 61 
45 60 
46 59 
47 58 
4 στ 
49 56 
50 55 
51 54 
52 53 
(7,8) 
28 84 
20 53 
30 82 
31 8 
32 80 
33 79 
34 78 
35 77 
36 76 
37 75 
38 74 
39 78 
40 72 
а п 
42 70 
43 69 
44 68 
45 67 
270 


а 


-140 
-168 
-198 
.232 
.268 
.306 
.347 
.389 
.433 
.478 
.522 


qu. ou 
(7,8) (cont.) 
46 66 
47 65 
48 64 
49 63 
50 62 
51 61 
52 60 
53 59 
54 88 
55 57 
56 56 
(7,9) 
28 91 
29 90 
30 89 
31 88 
32 87 
33 86 
34 85 
35 84 
36 83 
37 82 
38 81 
39 80 
40 79 
41 78 
42 77 
43 76 
44 75 
45 74 
46 73 
7 72 
4 т 
4 70 
50 69 
51 68 
52 67 
53 66 
54 66 
55 64 
56 63 
57 62 
58 61 
59 “60 
(7,10) 
28 98 
29 97 
30 96 
31 95 


а 


-001 
-001 
-001 
-002 
.003 
.005 
.007 
.009 
.012 
-017 
.022 
-028 
-085 
.044 
.054 
.067 
.081 
.097 
.115 
.135 
.157 
.182 
«209 
.237 
.268 
.300 
.335 
.370 
-406 
«449 
.481 
-519 


.000 
.000 
.000 
-001 
-001 
-001 
-002 
.003 
.005 
.007 
-010 
-014 
-019 
-025 
.032 


Te Tia 
(7,10) (cont.) 
32 94 
33 93 
34 92 
35 91 
36 90 
37 89 
38 88 
39 87 
40 86 
41 85 
42 84 
43 83 
44 82 
45 81 
46 80 
47 79 
48 78 
49 77 
50 76 
51 75 
52 74 
53 8 
54 72 
55 71 
56 70 
57 69 
58 608 
59 67 
60 66 
61 65 
62 64 
63 63 
(8,8) 
36 100 
37 99 
38 98 
39 97 
40 96 
41 95 
42 94 
43 93 
44 92 
45 91 
46 90 
47 80 
48 88 
49 87 
50 86 
51 85 


-041 


T... Ὁ 
(8,8) (cont.) 
52 84  .052 
53 83 .065 
54 82  .080 
55 81 .097 
56 80 .117 
57 79  .139 
58 78 «164 
59 77 191 
60 76 .2271 
61 75 „258 
62 74 .287 
63 73 «858 
64 72 «860 
65 71 .399 
66 70 «489 
67 69 .480 
68 68 .520 
(8,9) 
36 108 000 
40 104 .000 
41 103 .001 
42 102 .001 
43 101 .002 
44 100 .003 
45 99 .004 
46 98  .006 
47 97 «008 
48 96 .010 
49 95 .014 
50 94 .018 
51 93  .023 
52 92  .030 
53 91 «87 
54 90 .046 
55 89 .057 
56 88 069 
57 87 .084 
58 86 100 
59 85 118 
60 84 138 
61 83  .161 
62 82 .185 
63 81 .212 
64 80 .240 
65 79 .271 
66 78 .303 
67 77 .336 
68 76 .371 
69 75 .407 


p мат ; 


м 


„сме | 


Table 7-5a. Distribution of the rank sum T’ (continued) 


TL ἵνα “ᾱ Ta T. = πε Tie са i, Lice 9 
(8,9) (cont.) (9,9) (9,10) (cont.) (10,10) (cont.) 
70 74 «44 45 126 .000 54 126 .001 65 145 001 
71 73 48 50 121 «000 55 125 .001 66 144 .001 
72 "72 .519 51 120 .001 56 124 .002 67 143 .001 
(8,10) 52 119 .001 57 123 .008 68 142 .002 
36 116 .000 53 118 .001 58 122 .004 69 141 .003 
41 111 .000 54 117 .002 59 121 .005 70 140 «008 
42 110 .001 55 116 «005 60 120 .007 71 139 .004 
43 109 .001 56 115 .004 61 119 .009 72 138 .006 
44 108 .002 57 114 .005 62 118 .011 73 137 .007 
45 107 «002 58 113 .007 63 117 .014 74 136 .009 
46 106 .003 59 112 .009 64 116 .017 75 135 .012 
47 105 .004 60 111 .012 65 115 .022 76 134 .014 
48 104 .006 61 110 .016 66 114 .027 77 133 .018 
49 103 .008 62 109 .020 67 113 .033 78 132 .022 
50 102 .010 63 108 .025 68 112 .039 79 131 .026 
51 101 .013 64 107 .031 69 111 .047 80 130 .032 
52 100 .017 65 106 .039 70 110 .056 81 129 .038 
53 99 .022 66 105 .047 71 109 .067 82 128 .045 
54 98 .027 67 104 .057 72 108 «078 83 127 .053 
55 97 .034 68 103 .068 73 107 .091 84 126 062 
56 96 .042 69 102 .081 74 106 «106 85 125 072 
57 95 .051 70 101 .095 75 105 121 86 194 083 
58 94 .061 71 100 .111 76 104 .139 87 123 .095 
59 93 .073 72 99 .129 77 103 .158 88 122 .109 
60 92 .086 73 98 .149 78 102 .178 89 121 .124 
61 9: .102 74 97 .170 79 101 .200 90 120 .140 
62 90 «118 75 96 .193 80 100 .223 91 119 .157 
63 89 .137 76 95 .218 81 99 .248 92 118 .176 
64 88 «168 тт 94 .245 82 98 .274 93 117 197 
65 87 .180 78 93 .273 8з 97 .302 94 116 .218 
66 86 .204 79 92 .302 84 96 .330 95 115 .241 
67 85 .230 80 91 .333 85 95 .360 96 114 964 
68 84 .257 81 90 .365 86 94 .390 97 113 .289 
69 83 .286 82 89 .398 87 93 .421 98 112 .315 
70 82 .317 83 88 .432 88 92 .452 99 111 .342 
71 8 M8 84 87 «4606 89 91 «484 100 110 .370 
72 80 .381 85 86 .500 90 90 .516 101 109 .398 
73 79 414 (9,10) (10,10) 102 108 .427 
74 78 .448 45 135 .000 55 155 .000 103 107 .456 
75 77 .483 52 128 «000 63 147 .000 104 106 485 
76 76 .517 53 127 .001 64 146 .001 105 105 .515 


er than 10 the chance that the statistie 7” will Бе less than 


For sample sizes great h 
ven approximately by the area under the standard normal 


or equal to ап integer k is gi 
he left of | 
_ k + 1⁄4 МО + Ns + 1)/2 

2 = MN + М» + 1)/12 


curve to t 
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Table 7-56. Table of critical values of U in the Mann-Whitney test* 


Critical values of U for a one-tailed test at a = .001 or for a two-tailed test at 
e = .002 


та 
9 0 п 12 13 14 1 16 17 1 19 ο 
та б 7 
E ju 
2 
3 0 0 0 0 
4 0 Ὁ Ὁ а ἃ 1 2 2 Еј 8 8 R: 
5 ài + а @ 95 4 4 5 5 6 7 7 j 
6 2 3 4 4 5 в 7 8 9 10 п 12 
7 9$ b В т Š 9 d) ш л dà i в 
8 5 6 8 9 п 12 14 15 17 18 2 3 
9 7 8 10 12 14 15 17 19 21 2 ο 36 if 
10 8 10 12 14 17 19 21 в 2 2 2 39 Е 
11 10 12 15 17 20 22 24 27 29 32 34 3 
12 12 14 17 20 23 25 28 31 34 37 40 42 
13 14 17 20 23 26 29 32 35 з 42 45 48 Ш 
14 15 19 22 25 20 32 36 39 43 46 50 ы 
15 17 21 24 28 32 36 40 4 47 51 55 59 I 
16 19 23 27 31 35 39 43 48 52 5 60 65 à 
17 21 25 29 34 38 43 47 52 57 61 6 70 i 
18 23 27 32 37 42 46 δι 5 61 6 71 76 | 
19 25 29 34 40 45 50 55 60 6 71 77 8 
20 26 32 37 42 48 54 59 65 70 7% 8 88 


* Adapted and abridged from Tables 1, 3, 5, and 7 of D. Auble, Extended Tables 
for the Mann-Whitney Statistic, Bulletin of the Institute of Educational Research а 


Indiana University, vol. 1, No. 2, 1953, with the kind permission of the author and WE 


επ πμ ` 


the publisher. Reprinted from 8. Siegel, “Nonparametrie Statistics,” McGraw-Hill 
Book Company, New York, 1956. 
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Table 7-56. Table of critical values of U in the Mann-Whitney 
test (continued) 
Critical values of U for a one-tailed test at е = .01 or for a two-tailed test at. 


а = .02 


nı 


1 
2 ο о 0 0 0 ο 1] 1 
3 i $ 1 а 9 2 а S ва а 5 
4 3 3 4 5 5 6 7 7 8 9 9 10 
5 5 6 T # 9 10 п 13 18 и 15 в 
6 т 8 9 п 12 13 15 16 18 19 20 22 
7 оп 12 14 16 17 19 21 23 24 32 28 
8 | 13 15 17 20 22 24 26 28 30 32 34 
9 | 14 16 18 21 23 26 28 31 зз 36 38 40 

10 | 16 19 22 24 27 30 33 36 38 а 44 47 

п |18 22 25 28 31 34 37 41 44 47 50 5 

12 131 24 28 31 35 38 42 46 49 53 56 60 
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Table 7-56. Table of critical values of U in the Mann-Whitney 
test (continued) 


Critical values of U for a one-tailed test at a = .025 or for a two-tailed test at 


а = .05 
ne 
9 10 п 12 15 14 15 16 17 18 19 20 
тд 

1 
2 0 0 0 1 1 L 1 1 2 2 2 2 
3 2 3 3 4 4 5 5 6 6 T 7 8 
4 4 5 6 7 8 9 10 11 11 12 13 18 
5 7 8 9 11 12 18 14 15 17 18 19 20 
6 10 1 13 14 16 17 19 21 22 24 25 27 
7 12 14 16 18 20 2 24 26 28 30 32 34 
8 15 17 19 22 24 26 29 31 34 36 38 41 
9 17 20 23 26 28 31 34 37 39 42 45 48 
10 20 23 26 29 33 36 39 42 45 48 52 55 
11 23 26 30 33 37 40 44 47 51 55 58 62 
12 26 29 33 37 41 45 49 53 57 61 65 69 
13 28 33 37 41 45 50 54 59 63 67 72 76 
14 31 36 40 45 50 55 59 64 67 74 78 83 
15 34 39 44 49 54 59 64 70 75 80 85 90 
16 37 42 47 53 59 64 70 75 81 86 92 98 
17 39 45 51 57 63 67 75 81 87 93 99 105 
18 42 48 55 61 67 74 80 86 93 99 106 112 
19 45 52 58 65 72 78 85 92 99 106 113 119 
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Table 7-55. Table of critical values of U in the Mann-Whitney 
test (continued) 
Critical values of U for a one-tailed test at е = .05 or for a two-tailed test at 


а = .10 


πι 
9 10 H 12 13 1 15 16 17 18 19 20 


72 


1 0 0 
2 i d 3 а а 2 8 8 8 4 4 4 
3 5 4 δ 8 Ὁ Т 7 8 9 9 10 1 
a 6 7 8 9 10 W ра 1 16 17 18 
5 9 1 12 13 15 16 18 19 20 22 23 2 
6 12 14 16 17 19 21 28 25 26 28 8 32 
7 15 17 19 21 2 2 28 30 зз 35 37 39 
8 18 20 23 26 28 31 33 36 39 41 44 47 
9 | 21 24 27 30 33 30 39 42 45 48 5 54 


215 


Table 7-6. Table of probabilities associated with values as large as 
observed values of Х,2 in the Friedman two-way 


variance by ranks* 


analysis of 


k=3 
N=2 N=3 N=4 N=5 
х? p ха Р хе p Xr? Р 
1.000 -000 1.000 -0 1.000 .0 1.000 
1 833 | .607 944 .5 931 4 „954 
8 500 | 2.000 528 | 15 .653 1.2 691 
4 167 2.667 361 2.0 .481 1.6 .522 
4.667 194 3.5 .273 2.8 .367 
6.000 028 | 4.5 .195 3.6 .182 
6.0 .069 4.8 .124 
6.5 .042 5.9 .093 
8.0 0046 6.4 .039 
7.6 .024 
8.4 .0085 
10.0 .00077 
N-6 | N=7 N=8 N-9 
хе Р хе р хе p x Р 
-00 | 1.000 «000 | 1.000 -00 | 1.000 «000 | 1.000 
.38 -956 -286 -964 .25 .967 «222 -971 
1.00 | .740 .857 | 768 .75 | „то .667 | 814 
1.33 | .570 1.143 | 690 1.00 | «664 .889 | 865 
2.33 | .430 | 2.000 | 486 1.75 | 1531 1.556 | 569 
3.00] .252 | 2.571 | 305 2.25 | 356 2.000 | .398 
4.00 184 3.429 237 3.00 .285 2.667 .328 
4.33 | .142 | 3.714 | .192 3.25 | .236 2.889 | .278 
5.33 | .072 | 4.571 | 12 4.00 | 149 3.556 | 187 
6.33 052 5.429 085 4.75 .120 4.222 .154 
7.00 029 6.000 052 5.25 -079 4.667 -107 
8.33 | 02 | 7.143 | 027 6.25 | 047 5.556 | 069 
9.00 | .0081 | 7.714 | `021 6.75 | .038 6.000 | ‘057 
9.33 | .0055 | 8.000 | 016 7.00 | .030 6.222 | 048 
10.38 | .0017 | 8.857 | .0084 | 775 | `018 6.889 | 031 
12.00 -00013 | 10.286 -0036 9.00 -0099 8.000 .019 
10.571 | .0027 | 9.25 | ‘oogo 8.922 | 016 
11.143 | .0012 | 9.75 | 0048 8.007 | 010 
12.286 | .00032 | 10.75 | 0024 9.556 | .0060 
14.000 | .000021 | 12.00 | ‘0011 10.667 | 0035 
12.25 | .00086 | 10.889 | ‘0029 
13.00 | .00026 | 11.556 | ‘0013 
14.25 | .000001 | 12.667 | ‘00066 
16.00 | .0000036 | 13.556 | ‘00035 
14.000 | .00020 
14.222 -000097 
14.889 | 000054 
16.222 . 000011 
18.000 | 0000006 
Toot 18-000 00006 


* Adapted from M. Friedman, The Use of Ra 
Normality Implicit in the Analysis of Variance, J 
688-689, 1937, with the kind permission of the auth 
from 8. Siegel, “Nonparametric Statistics," MeGraw-H 


nks to Avoid the Assumption of 
- Amer. Statist. Ass., vol. 32, pp. 
or and the publisher. Reprinted 


ill Book Company, New York, 
1956. 
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Table 7-6. Table of probabilities associated with values аз large аз 
observed values of Х,? in the Friedman two-way analysis of 
variance by ranks (continued) 

k-4 
N22 N=3 N=4 
хе Р x? p x? p хе Р 
.0 1.000 .2 1.000 0 1.000 5.7 .141 
.6 .958 .6 .958 3 .992 6.0 .105 
1.2 .834 1.0 -910 6 .928 6.3 .094 
18 793 | 1.8 Ко .9 .900 6.6 1077 
2.4 ‚625 2.2 .608 1.2 .800 6.9 .068 
3.0 | 52 | 2.6 | .524 | 1.5 E 7.2 | .054 
3.6 “458 | 3.4 | .446 | 1.8 677 7.5 .052 
4.2 ‘375 | 38 | «343 | 21 .649 7.8 .036 
4.8 .208 4.2 .300 2.4 .524 8.1 .033 
5.4 1167 | 5.0 .207 2.7 .508 8.4 019 
во | .02 | 54 | .15 | 3.0 432 8.7 | .014 
5.8 .148 3.3 .389 9.3 .012 
6.6 .075 3.6 .355 9.6 .0069 
7.0 .054 3.9 .324 9.9 ‚0062 
7.4 .033 4.5 .242 10.2 0027 
8.2 .017 4.8 -200 10.8 -0016 
9.0 -0017 5.1 -190 141 00094 
5.4 .158 12.0 000072 
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Table 7-7. Table of probabilities associated with values аз large as 


observed values of Η їп the Kruskal-Wallis one-way 
analysis of variance by ranks* 


Sample sizes 


H p 
πι m m H Р и. nu ш 

a 1 1 2.7000 .500 | 4 3 2 6.4444 -008 
6.3000 011 
2 2 1 3.6000 -200 5.4444 .046 
.051 
2 2 23 4.5714 .067 5.5000 0 
sor НИ 4.5111 .098 
3.71 š 4.4444 .102 
3 1 1 3.2000 "Ü ba € d gs .010 
8 29 4 4.2857 .100 6.7091 -013 
З 8571 "183 5.7909 .046 
5.7273 .050 
з 2 2 5.3572 .029 4.7091 .092 
4.7143 .048 4.7000 .101 

4.5000 .067 
4.4643 105 | 4 4 1 6.6667 .010 
6.1667 .022 
8 3 4 5.1429 .043 4.9667 .048 
4.5714 .100 4.8667 .054 
4.0000 .129 4.1667 .082 
з з 2 | 6.2500 fn 4.0667 -102 
5.3611 1082 la а ај кви .006 
5.1389 .061 6 8797 017 
4.5556 | .100 5.4545 | бб 
4.2500 .121 ὅ 0304 "065 
$ $ 3 7.2000 .004 4.5545 .098 
6.4889 "oti 4.4455 108 
5.6889 MES τα αἱ m | ο .010 

5.6000 .050 
7.1364 .011 

5.0667 .086 
4.6222 100 5.0080 үзе 
: : 5.5758 .051 
4 4 4 3.5714 .200 4.5455 .099 
4.4773 | 
4 2 1 4.8214 .057 е 
4.5000 06 | 4 4 4 7.6538 -008 
4.0179 114 7.5385 011 
4 2 ο 6.0000 .014 бөл C 
5.6538 .054 

5.3333 .033 
4.6539 .097 
5.1250 .052 4.5001 DÀ 
4.4583 .100 : š 
4.1667 2105 | 5 10 1 3.8571 лаз 
аа 5.8333 021-1 5 2 1 5.2500 .036 
5.2083 .050 5.0000 .048 
5.0000 .057 4.4500 .071 

4.0556 .093 
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Table 7-7. Table of probabilities associated with values аз large as 
observed values of И in the Kruskal-Wallis one-way 
analysis of уагїапсе by ranks* (continued) 


Sample sizes |. I" Saule T 
n n. τι a Р "Am ша ome | Н Р 
1 2 3 V HE Gm 
5 2 2 6.5333 .008 ΠΤ 
6.1333 .013 099 
5.1600 .034 os 
5.0400 .056 
4.3733 .090 .009 
4.2933 .122 .011 
.049 
5 3 1 6.4000 .012 “050 
4.9600 .048 “100 
4.8711 .052 “102 
4.0178 .095 
3.8400 .123 η 
5 Б] 2 6.9091 .009 .046 
6.8218 .010 .053 
5.2509 .049 .086 
5.1055 .052 .105 
4.6509 .091 010 
4.4945 .101 SOT 
5 3 3 7.0788 .009 ed 
6.9818 ‚011 (c 
5.6485 .049 . τ 
5.5152 «051 E 
4.5333 .097 .010 
4.4121 .109 `010 
5 4 1 6.9545 .008 P 
6.8400 .011 ОП 
4.9855 ‚044 Ero 
4.8600 .056 * 
3.9873 .098 010 
3.9600 .102 “010 
‚049 
5 4 2 7.2045 .009 “050. 
7.1182 .010 ^o 
5.2727 .049 e 
5.2682 .050 
4.5409 .098 .009 
4.5182 .101 .010 
.049 
5 4 8 7.4449 .010 ae 
7.3949 ‚011 100 
5.6564 


abridged from W. H. Kruskal and W. A. Wallis. Use of Ranks in 
Analysis, J. Amer. Statist. Ass., vol. 47, рр. 614-617, 1952, with 
ka ad permission of the authors and the publisher. (The corrections to this table 
= by the authors in Errata, J. Amer. Statist. Ass., vol. 48, p. 910, have been in- 
ase e У Reprinted from S. Siegel, “Nonparametric Statistics,” McGraw-Hill 
cor 


Book Company; New York, 1956. 


Adapted and 
One-criterion Variance 


ТаЫе 7-8. 


š CA 
Nonparametric confidence intervals for the median 


Largest Largest 
p. e k 
6 1 :031 
7 1 .016 

8 1 .008 1 .008 
9 2 .039 1 .004 
10 2 .021 1 .002 
11 2 ‚012 1 .001 
12 3 .039 2 -006 
13 8 .022 2 .003 
14 3 .013 2 .002 
15 4 .035 3 -007 
16 4 .021 3 .004 
17 5 -049 8 -002 
18 5 -031 4 -008 
19 5 -019 4 -004 
20 6 .041 4 .003 
21 6 .027 5 .007 
22 6 .017 5 .004 
23 7 .035 5 -003 
24 7 .028 6 -007 
25 8 .043 6 .004 
26 8 .029 7 .009 
27 8 -019 7 -006 
28 9 .036 7 .004 
29 9 .024 8 -008 
30 10 «048 8 «006 

31 10 .029 8 

32 10 .020 9 

33 11 -085 9 

10 

10 


ТЕ the observations аге arranged in order of size X, < X, < Х < - + 
then we are 100(1 — а) % 


Хул, where k and а are given above. 

* Reproduced by permission of S. K. Banerjee and K. R. N 
dence Interval for the Median in Samples from An 
vol. 4, pp. 551-558, 1940. Reprinted from W. J. Di 
to Statistical Analysis," 
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` < Xy, 
confident of the population median being between X, and 


air, Table of Confi- 
у Continuous Population, Sankhya, 
хоп and F. J. Massey, “Introduction 
" 2d ed., McGraw-Hill Book Company, New York, 1957. Lll 
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TABLE 7-9. TABLES FOR ΤΗΕ SIGN TEST* 


Table 7-9a. Critical values of r for the Sign test* 
(Two-tail percentage points for the binomial for p = .5) 


1% | 5% | 10% | 25% IZ 1 SZ ГОЙ T 26% 


1 46 | 13 | 15 | 16 | 18 
2 47 | 14 | 16 | 17 | 19 
1 o | 48 | 14 | 16 | 17 | 19 
5 о | 49 | 15 | 17 | 18 | 19 
5 0 о | 50 | 15 | 17 | 18 | 20 
6 0 0 1 51 15 18 19 20 
1 ој ο 1 | 52 | 16 | 18 | 19 | 21 
8 0 0 1 1 | 53 | 16 | 18 | 20 | 21 
9 0 1 1 а | 54 | 17 | 19 | 20 | 22 
10 0 1 1 2 55 17 19 20 22 
11 0 1 2 8 56 17 20 21 98 
19 1 2 2 3 | 57 | 18 | 20 | 21 | 23 
13 1 2 3 3 58 18 91 90 24 
14 1 2| 3 | 4 | 59 | 19 | 21 | 22 | 24 
15 2 3 3 4 60 19 21 23 25 
16 2 8 4 5 | οἱ | 20 | 22 | 23 | 25 
17 2 4 4 5 62 20 22 24 25 
#| s| 4| s| 6 | 6 | 20 | 23 | 24 | 26 
8| 3 | 4] 5 | 6 | 64 ја | 38 | 24 | 26 
20 3 5 5 6 65 91 24 25 27 
21 4 5 6 7 66 22 24 25 27 
22 4 5 6 7 67 22 25 26 28 
28 4 6 γή 8 68 22 25 26 28 
24 5 6 7 8 | бо | 23 | 25 | 27 | 29 
24.15] | ΤΙ 9 | ΤΟ | 2 | 36 | з | 29 
26 6 " 8 9 71 24 26 28 30 
27 6 7 8 10 72 24 27 28 30 
28 6 8 9 10 73 25 27 28 31 
29 7 δι 9 | 10 | а | 25 | 28 | 29 | 31 
30 7 9 10 11 175 | 25 | 28 | 29 за 
alg) | | ТЕ |38 | ΒΒ} δὲ | Βα 
82 8 9 10 12 77 26 29 30 32 
38 8 10 11 12 78 27 29 31 33 
34 9 10 11 18 79 27 30 31 33 
о 
36 9 11 12 14 81 28 31 32 34 
25 io | 2 | 8 5 3 | δὲ $4 | ὃς 
МЕ НЕ НЕ ПЕ ЗЕ SERI ДЕ ЕЕ 
39 11 12 13 15 | 84 | 29 32 33 36 
40 11 18 14 15 85 30 32 34 36 
13 | 14 | 16 | 86 | 30 | 33 | 34 | 37 

L 1 14 15 fe | 87 | 3L 33 ὃς | 37 
43 12 14 15 17 88 31 34 35 38 
44 | 13 | 5 | 18 17 | so | 31 | 34 | 36 | 38 
45 13 15 16 18 90 32 35 36 39 


arger than 90, approximate values οἳ r may be found by taking 
+ integer less than (N — 1)/2 — Е ММ + L, where k is 1.2879, 0.9800, 
the neares 


2752 for the 1, 5, 10, 25% values, respectively. | 
08225 е 1 from W J. Dixon and F. J. Massey, “Introduction to Statistical 
* Reprin ed ἃ 


мтеСтам-НШ Воок Сотрапу, New York, 1957. 
Analysis," 2d ed., MeGrav 


For values of NI 


Table 7-9b. Distribution for the sign test 
(Percentage points for the binomial for 2 == 25) 


The percentiles listed cover the range from е = .005 toa = 
of N up to 100. Percentiles from a = .875 to < = 
table with N — т and 1 — a. z is the number of pl 


н 
ы ЕНЕ Би бш e 
но оо Нов 
^ 82" в" δ 


&ow-cozow-cozouweo. ю=ош но юно 
II На 3 
z 8 
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8 
“з ον σι з οὐ ᾱ с› ол > οὐ tO 2 с G k 09 το 2 ль οὐ кн QU © tO τὶ оны αν οὐ υ9 πι 5 


Ш 
we 


II 


Е = 
85 


DO ra 
БЕЕ 


II 
= 
σι 


8 
Фото DONDU > > ONDA 00 чо сњ DS мо сњ οὐ 5 ο G οὐ 5 


Ш 
BR 


88 


т а 
N = 25 
5 .002 
6 .007 
7 .022 
8 .054 
9 .115 
10 .212 
М = 26 
6 .005 
7 .014 
8 .038 
9 .084 
10 .163 
N =27 
6 .003 
7 .010 
8 .026 
9 .061 
10 .124 
11 .221 
N = 28 
6 .002 
7 .006 
8 .018 
9 .044 
10 .092 
11. .172 
N = 29 
7 .004 
8 .012 
9 .031 
10 .068 
11 .132 
N = 30 
7 .003 
8 .008 
9 .021 
10 .049 
11 .100 
12 .181 


-125 for every value 
-995 may be read by entering the 
us signs. 


т a 
М = 31 
7 .002 
8 .005 
9 .015 
10 .035 
11 .075 
12 .141 
М =32 
8 .004 
9 .010 
10 .025 
11 .055 
12 .108 
13 .189 
N =33 
8 .002 
9 .007 
10 .018 
11 «040 
12 .081 
13 .148 
N = 84 
9 .005 
10 .012 
ll .029 
12 .061 
13 .115 
14 .196 
N = 35 
9 .003 
10 .008 
11 .020 
12 .045 
13 .088 
14 .155 
М =36 
9 .002 
10 .006 
11 .014 
12 .033 
13 .066 
14 .121 
15 .203 


N-37 
10 .004 
11 .010 
12 .024 
13 .049 
14 .094 
15 .162 
N —38 
10 .003 
11 .007 
12 .017 
13 .036 
14 .072 
15 .128 
N = 39 

11 .005 
12 .012 
13 .027 
14 .054 
15 .100 
16 .168 
N = 40 

11 .003 
12 .008 
13 .019 
14 040 
15 .077 
16 .134 
N=41 

11 .002 
12 .006 
13 .014 
14 .030 
15 .059 
16 .106 
17 .174 
М = 42 

12 .004 
13 .010 
14 .022 
15 .044 
16 .082 
17 .140 


"ы" 


i 


= = = μα == ш = Fm Fm a = E= 


dem 
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Table 7-9b. Distribution for the sign test (continued) 


т а x a т a х 
N = 43 N = 49 N = 55 ШР т ¢ т а 
12 .008 15 .005 17 .003 19 “003 pm diu 
13 от 6 оп 18 07 20 .007 22 .0 i ae 
14 016 17 .022 19 05 21 04 38 a Ὃ 5006 
is оз 18 .043 20 .029 22 0% 24 .02 m A 
16 03 19 .076 21 .052 23 .046 25 у 2 084 
17 и 20 1% 22 .089 24 .078 26 TS x B 
18 .180 N = 50 23 .140 95 .123 27 "107 a «060 
N 244 15 .003 N = 56 -- и хоо. 
13 «008 16 «008 17 «009 Кои N = 66 Е τ 
= 71 


i4 опт м 06 18 .005 20 .0 
15 04 18 02 19 би 21 то ο a1. 
15 s 19) оо 2 0 32 .00 4 «08 25 008 
16 т 20 по ж о: 33 0% 25 .032 den 
18 146 2 161 22 .070 2 .062 26 E xd .028 
N = 45 N = δι Њ ШЕ ας mum o D» 
275 26 153 28 .134 30 .118 


13 .003 15 «002 

14 «008 16 .005 М = 57 М = 62 М = 81 

15 .018 17 .012 18 «004 20 .004 22 A N и 
Е = 72 


19 ов 18 0м 1908 21 .008 280 
10 s 19 06 20 07 22 05 ж СИ СИ. 
ы 20 080 2101 23 .028 25 pos 5 Es 


18 
18 deo 21 ΙΙ 22 056 ж .049 26 00 
Ü -043 27 
25 002 
N = 46 Wen 2 Te mom элп μ.ο. 
13 .002 16 «004 ў 120 28 .111 29 .002 
М = 58 М = 63 29 «164 30 097 


14 006 17 .009 

XA de вм 9 49 AE ο 

Eu n ow © ΠῚ @ Ою m № 

πι 7052 @ 20 08 2 05 — 2 (Ui 23 005 М = 73 

15 10." ш αν 0 ж ‘021. 24 .010 38 -005 
22 .043 24 .038 25 .019 27 009 


19 .151 22 .166 
23 .074 25 .065 26 .034 28 .030 


N = 47 М = 53 AL d 
14 .004 16 .003 25 Е. F4 зи — 07 ж .050 
15 «009 17 «006 1 .157 28 .091 30 .080 

Ν = 59 N= 29 .137 31 21 


16 «020 18 .014 
17 .039 19 .027 19 «004 21 .004 N = 69 32 .175 
18 .072 20 .049 20 .009 22 .008 23 «004 N 

21 .018 23 .016 24 .008 25 kc 


2 gn йи Lo Š 
29 . ` 4 .030 

20 .191 2 Sa a m ee 25 05 20 οὔτ 
N = 48 Ν = 54 “ἂν из P 27 .013 
мето 17 .05 25 мә 31 ои 27 040 28 ойм 
15 07 18 .010 Š а qe τ 
6 05 19 .020 9 14 — 30 .065 
17 00 20 .038 30 .168 31 .100 

32 «148 


18 «056 21 .067 


19 .097 22 .110 
20 «166 23 .170 
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Table 71-95. Distribution for the sign test (continued) р 
т а α т a т а т a £ а 


2 
М = 75 М = 80 М = 85 М = 89 N = 93 М = 97 
25 .003 28 .005 30 .004 31 .003 33 «008 35 .004 
26 .005 29 .009 31 .008 32 .005 34 .006 36 .007 
27 .010 30 .016 32 .015 33 .010 35 .011 37 .012 
28 .018 31 .028 33 .025 34 .017 36 .019 38 .021 
29 .032 32 .046 34 .041 35 .028 37 .031 39 .034 
30 .053 33 .073 35 .064 36 .045 38 .048 40 «052 
31 .083 34 .109 36 .096 37 .069 39 .073 41 .077 
32 .124 35 .157 37 .139 38 .102 40 .107 42 .111 


33 .179 N-8 New 39 .145 41 .150 43 .155 


N = 76 28 .004 30 .003 N = 90 N = 94 N = 98 
26 .004 29 .007 31 .006 32 .004 34 .005 35 .003 
27 .008 30 .013 32 .011 33 .007 35 .009 36 .006 
28 .014 31 .022 33 .020 34 .013 36 .015 37 .010 
29 .025 32 .037 34 .033 35 .022 37 .025 38 .017 
30 .042 33 .060 35 .053 36 .036 38 .039 39 .027 
31 .068 34 .091 36 .080 37 .057 39 .061 40 .043 
32 .103 35 .133 37 .118 38 .085 40 .090 41 .065 


33 .151 N = 82 38 .166 39 .123 41 .128 42 .094 
40 .171 43 .133 

ежа 28 003 М = 87 Аа 

26 .03 29 -005 31 .005 М = 91 34 004 N = 99 


27 006 30 .010 32 .009 32 .003 35 .007 36 .004 
28 011 31 .018 33 .016 33 .006 36 .012 37 .008 
29 .020 52 .090 — 34 .027 за оо зт .020 38 013 
30 ом 33 049 35 оз — 35 018 зз 02 39 02 
31 .055 34 .075 36 .066 36 .029 39 .050 40 .035 
32 080 35 .112 37 .099 37 .046 40 .075 41 .054 
33 .197 36 .160 38 .142 38 «ΟΤΙ 41 1109 42 .0g0 

N-8 X di 39 .104 42 .152 43 ли 


М = 78 29 004 31 .004 40 .147 Ns ВА 44 157 


BS Πε à WS à8 0 Ν-οὶ ш 0 уыл 
29 05 32 ‘gpg 38 012 * 33 .004 35 05 36 00 
30 1027 fs ὮΙ 34 o2 за оов 36 00 © 008 
31 04 34 02 35 .095 35 ом зт .016 38 one 
32 .070 ἧς lopa 30 065 36 бом зв о 39 one 
33 .100 ἃς μ 37 -088 37 0з зә ол 40 бш 


si ЧЫ 38 «190 38 .059 40 063 41 «044 

N = 84 39 .169 39 .087 а .092 49 067 
N = т 29 003 40 .120 42 131 43 .097 
27 .003 30 «006 44 .136 


28 .006 31 .011 
29 .012 32 .019 
30 .021 33 .031 
31 .036 34 .051 
32 .057 35 .078 
33 .088 36 .115 
34 .130 97 .163 


284 


sectiom 


$ 


CORRELATION AND 
ASSOCIATION 


The tables in this section concern statisties that either quantify the 
“degree of relationship” between two or more random variables and/or 
permit testing a hypothesis about the relationship between two or more 
random variables. The applications of Tables 8-1 through 8-4 require 
the assumption that the variables of interest are distributed according 
to the bivariate or multivariate normal probability density. Tables 8-6 
through 8-10 involve the sampling distributions of certain nonpara- 
metric measures of association. When using these statistics to test the 
null hypothesis that variables are independent, one should keep in mind 
that the only reasonable alternative hypotheses are that the regression of 
one variable on the other is nondecreasing or nonincreasing (or either in 
the case of a two-tailed test), and vice versa. The tests are not sensitive 
to other kinds of alternatives. 

The general sampling distribution of the correlation coefficient 
based on normally distributed material has proven quite intractable 
except for the case of p — 0, where p denotes the theoretical value of the 


correlation coefficient. Fisher, however, demonstrated that the sampling 
distribution of 


2. = Уор, (1 + r) — log, (1 — r)] 


is approximately normal with mean в = гр and variance o? = 1/(N — 3) 
(ref. 1). Consequently, the z, transformation can be used to test hypothe- 
ses about p, the difference between correlation coefficients characterizing 
two populations of measurements provided the corresponding sample 
ms are based on independent samples, and to construct confidence 
intervals for p. 

Table 8-1 contains values of 2, аз a function of r. For negative values 
of r, attach a negative sign to the tabulated value of z, which corresponds 
to the absolute value of the observed correlation. When р = 0 in the 
bivariate normal distribution, the sampling distribution of r is relatively 
manageable. Similarly, the sampling distribution of the multiple correla- 
tion coefficient based on normally distributed variates is easily handled 
if the theoretical value of the multiple correlation coefficient is zero, 

Table 8-2 consists of critical values corresponding to various values 
of N — 2 (df) for testing the hypothesis that a bivariate correlation has 
been determined in a sample drawn from a population in which the true 
value of the correlation is zero versus either a one-tailed alternative 
р > 0 or a two-tailed alternative |р| > 0. Τη the two-tailed test the null 
hypothesis is rejected if the absolute value of the observed r exceeds the 
tabled value for the appropriate degrees of freedom, N — 2, and selected 
significance level. To test ‘against the one-tailed alternative р < 0, 
negative signs are attached to the critical values in Table 8-2. 

Table 8-3 shows critical values of the sampling distribution of a 
multiple correlation when the population value is zero. The significance 
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levels correspond to a one-tailed test, since a multiple г is, by definition, 
greater than or equal to zero. An exception to this rule is the column for 
two variables, which contains two-tailed critical values for an ordinary 
bivariate correlation coefficient. The parameter or degrees of freedom in 
the sampling distribution of a multiple correlation is N — m, where m is 
the number of variables and N the sample size. 

The tetrachoric correlation coefficient is frequently used with dichoto- 
mous data. Suppose the data on two dichotomous variables x and у are 


arranged in the following way: 


у\е | se || = 
+ a b 
_ c а 


where а, b, с and а refer to proportions. Suppose we can assume that a 
bivariate normal probability distribution underlies the observable joint 
distribution of x and y. In other words, suppose that the frequencies 
represent counts in quadrants of the scatter plot of a sample drawn 
from a bivariate normal distribution. The tetrachoric correlation esti- 
mates, from the frequencies a, b, c and d, the value of p in the underlying 
bivariate normal distribution. Tetrachoric 75 are difficult to compute, 
but for many purposes ап approximation called the cosine-p? approxima- 
tion to the tetrachoric is quite satisfactory. The estimate is defined as 


the quantity 
Teos-pi = COS (= va.) 
Vad + vbe 

Table 8-4 contains values of тен expressed as functions of the ratio 
ad/bc. И ad/be is smaller than 1, the reciprocal bc/ad is determined, and 
a negative sign is attached to the value of feos-pi corresponding to this 
value. The cosine-pi approximation to a tetrachoric should not be used 
if the proportion of +’s differs greatly for the two variables, if itis known 
that the tetrachoric correlation is very large, or if the marginal propor- 
tions are extremely different from 15. 

on product-moment correlation computed for a pair of 
dichotomous variables is frequently called the phi coefficient. Unless the 
marginal proportions for the two dichotomies are exactly the same, the 
maximum value of the phi coefficient is less than 1. Table 8-5 presents 
a graph for determining the maximum value of a phi coefficient for а 
given marginal split. Suppose the data are arranged in the following way: 


у\ | 0 1 


The Pears 
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where а, В, с, and d denote relative frequencies or proportions, p: = b ќи а, 
etc., and р; > p; The maximum value of phi is given by the quantity 
"V/pi/qj) тро when p; > ру. Table 8-5 can be used to evaluate the maxi- 
mum value oí phi when both р; and р; are greater than 15. If both are 
less than 1⁄4, Table 8-5 сап be used if one reverses the direction of both 
x and y, so that q; and g; replace p; and р; If p; > 1⁄4 and р; < 25, Table 
8-5 cannot be used. For such cases, the values of м/а and 4/q/p in 
Table 5-5 can be used to rapidly calculate the maximum value of phi. 
The minimum (negative) value of the phi coefficient is not —1 unless 
q: = p; Neither is the minimum value of phi equal to minus the maxi- 
mum value. One can determine the minimum value of phi by reversing 
the direction of either x or y, but not both, so that p; is replaced by qi, 
ог p; by qj; one finds the maximum value of phi for this situation and 
attaches a negative sign to the result. 

Tables 8-6 through 8-10 all contain critical values for nonparametric 
measures of correlation. One obtains Spearman rank-difference correlation 
by first assigning ranks to N observations on one variable and then inde- 
pendently assigning ranks to the N paired observations on the other 
variable and computing the statistic 


i Ex = 62d;? 
"=: NNi) 
where d; denotes the difference between the ranks assigned the ith pair of 


observations. 
Table 8-6 contains selected percentage points of the distribution of 
Ed? under the hypothesis that the two sels of rankings are statistically 
independent. The probabilities are listed in terms of a = 1 — cumulative 
probability. For two-tailed tests, the rejection region consists of v 
^, greater than ог equal in absolute v. 
when the value of Σά in Т 
the equation for r,. One- 
carried out analogously, 
Table 8-7 contains critica 
hypothesis that the two sets of 
table values are for a one- 
comes out two-tailed tests 


alues of 
alue to the value of r, obtained 
able 8-6 corresponding to lq is substituted in 
tailed tests against a negative alternative are 


1 values of the distribution of r, under the 
rankings are statistically independent. The 
tailed test against a positive alternative. One 


at the 2a level of significance by rejecting the 
null hypothesis if the absolute value of the observed 7, exceeds the table 
value for the a significance level, For larger values of N, 


the quantity 
TeV(N — 2)/ =r 


2) is approximately distributed like { with N — 2 
degrees of freedom. 


Kendall’s rank-correlation coefficient т is used in the same kind of 
situation as the Spearman rank correlation. N paired observations are 
separately ranked on each variable, the largest value being assigned the 
rank of 1, ete. The ranks assigned to one variable are then arranged in 
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uam №. 


’ β к= к= "NN. 


ит нз ж та ü r r 


= стт 


a sequence according to the rank order on the other variable. This 
sequence of ranks is then examined. For each position in the sequence, 
we determine the number of ranks to the right which are larger than the 
rank in the position in question and subtraet from this the number of 
ranks to the right whieh are smaller. These quantities are then summed 
over all positions and the result Š is divided Бу N(N -- 1)/2 to obtain + 
Table 8-8 lists values е = 1 — cumulative probability corresponding to 
values of S for N between 4 and 10, given that the two sets of rankings are 
statistically independent. Since the distribution of S is symmetrical 
under the null hypothesis, Table 8-7 can be used to carry out two-tailed 
tests or one-tailed tests against a negative alternative. For larger values 
of N, т is approximately normally distributed with mean zero and vari- 
ance 2(2N + 5)/9N(N — 1) when the hypothesis of independence is 
true. Consequently, т may be converted to a standardized normal deviate 
using these values. 

Kendall’s coefficient of concordance can be used to evaluate the 
agreement between k sets of experimentally independent rankings of the 
same N objects or individuals. Let the data be arranged in an N by k 
table, where the N rows correspond to N objects or individuals, the k 
columns correspond to / judges or raters, and the entries in each column 
consist of each rater's rankings of the N objects. Let It; denote the sum 
of the ranks in the jth row; then Kendall's coefficient of concordance 


is defined as 
w= 12z(R, — ER/N)? 
k*(N* — N) 

The quantity 2(R; — ER;/N)? is denoted by s. Since W is entirely deter- 
mined by s once Ν and Ё are fixed, s can be used to evaluate the sig- 
nificance of W. Table 8-9 contains critical values of s for the 0.05 and 0.01 
levels of significance under the assumption that the k sels of rankings are 
statistically independent. The critical values correspond to a one-tailed 
critical region as the only reasonable alternative hypothesis is that there is 
agreement among the rankings, i.e, W > 0. Critical values are listed 
for N ranging from 3 to 7 and several values of К. For larger values of N 
ntity k(N — DW is approximately distributed as a каснала 
— 1 degrees of freedom. 

int observations on two continuous random variables, 
е plotted on a scatter diagram; the scatter diagram is 
drants by determining the two medians, and the first 
and third quadrants are labeled with positive signs, while the second and 
fourth are labeled with negative signs. With this setup a test, called the 
corner test, for the hypothesis that x and у are independent can be per- 
formed. Let the abscissa be z and the ordinate y. Starting at the extreme 
right (largest z) ving toward the center, we count the number of 


the qua 
variate with N 

Suppose jo 
say z and y, аг 
divided into qua 


and mo 
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points (observations) until а point is found across the y median. This 
total is given the sign of the quadrant in which the points oecur. If the 
value of y associated with the largest observed x is greater than the y 
median, the points counted will be in quadrant one; otherwise, they 
will be in quadrant four. Analogous counts are determined by starting 
from the top (largest y), left (smallest x), and bottom (smallest y); the 
resulting four numbers are summed to obtain a statistic S. Note that 
S may be either positive or negative, and that some observations may 
be counted twice in S. Ties may occur in the sense that the value of 
x associated with the point that “crosses the у median” may also occur in 
another observation, where the associated y is not across the y median, 
etc. Such a tie is given the value of 1⁄4 in the corresponding count. If 
the sample size is odd, the two median points are replaced by a single 
point whose coordinates are the nonmedian values of the two, and the 
sample size is reduced by one. Table 8-10 lists fractiles of S for even- 
numbered samples under the hypothesis that x and y are independent. 
Since the distribution of 5 is symmetrical, about zero when the null 


hypothesis is true, Table 8-10 can be used to conduct either a two-tailed 
or one-tailed test. 
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000 «000 200 «203 400 .424 600 693 800 1.099 
005 «005 205 «208 405. .430 605 .701 805 1.113 
010 .010 210 .213 «10 .436 610 .709 810 1.127 
015 .015 215 .218 .415 .442 615 .717 815 1.142 
020 «020 220 «224 2420 «448 620 .725 820 1.157 
025 .025 225 .229 -425 .454 625 .733 825 1.172 
030 «030 230 .234 .430 .460 630 .741 830 1.188 
035 «035 235 .239 .435 .466 635 .750 835 1.204 
040 «040 240 «245 M0 .472 640 .758 840 1.221 
045 «045 245 .250 -445 .478 645 767 845 1.238 
.050 «050 250 «255 450 .485 .650 — .775 .850 1.256 
.055 .055 .255 +261 455 «491 .655 .784 .855 1.274 
.060 .060 .260 .266 .460 «497 .660 .793 .860 1.293 
.065  .065 .265 .271 .465 .504 .665 .802 .865 1.313 
.070 «070 «210 .277 .470 .510 -670 81 .870 1.333 
.075 .075 .275 «282 «415 .517 .675 .820 -875 1.354 
.080 «080 .280 «258 .480 «526 :680 .829 .880 1.376 
.085 «085 .285 «295 .485 «560 «665. .838 .885 1.398 
.090 «090 .290 «299 .490 .536 .600 «848 .890 1.422 
.095 «095 .295 .304 .495 .543 .695 .858 .895 1.447 
.100 «100 .300 .310 .500 «549 100 .867 .900 1.472 
105 «105 .305 .315 .505 .556 -705 .877 .905 1.499 
ΠΟ. «10 ΙΟ «321 «510 565 -710 .887 .910 1.528 
115 «116 .315 .326 .515 .570 .715 .897 915 1.557 
120 «121 .320 .332 „520 .576 .720 .908 -920 1.589 
125 «126 .325 .337 .525 .583 .725 «918 .925 1.623 
.130 .131 .330 .343 .530 .590 .730 «929 .930 1.658 
.135 -136 .335 .348 .535 .597 -735 .940 .935 1.697 
140 .141 .340 .354 .540 .604 .740 .950 .940 1.738 
"MS .146 .345 .360 .545 .611 -745 .962 .945 1.783 
150 (151 .350 .365 .550 .618 .750 — .973 .950 1.832 
1155 -156 .355 .371 .555 «026 -755 .984 -955 1.886 
160 .161 1360 «37 .560 .633 .760 .996 :960 1.946 
165 «167 .365 «388 .565 «640 .765 1.008 .965 2.014 
1110.172 ΠΩ 388 .570 «648 .770 1.020 970 2.092 
«171 315 «394 «515 .655 .175 1.033 -975 2.185 

Е i ; 182 .380 .400 .580 «662 .780 1.045 .980 2.298 
"185 181 .385 .406 .885  .670 .785 1.058 .985 2.443 
“ioo 192 490 .412 .890 «678 .790 1.071 -990 2.647 
7195 198 .395 .418 .595 .685 -795 1.085 :995 2.994 


rmission, from Allen L. Edwards, “Statistical Methods for the 
Rinehart & Company, Inc., New York. Reprinted from G. 
| Analysis in Psychology and Education,” McGraw-Hill Book 


* Reprinted, by pe 
Behavioral Scien 


Ferguson, “Statist " 
Company, New York, 1959. 


291 


Table 8-2. Critical values for correlation and t ratios 
significant at the .05 level (lightface type) and at 
the .01 level (boldface type) for varying degrees 
of freedom * 


Degrees Number of variables 
of t 
freedom 2 3 4 5 6 # 9 13 25 

1 -997 .999 .999 .999 1.000 1.000 1.000 1.000 1.000 12.706 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 63.657 
2 950 915 .983 .987 «990 .992 994 996 .998 4.308 
-990 .995 .997 998 .998 .998 999 999 1.000 9.925 
Б 4878 .930 .950 .961 .968 .973 .979 .986 .993 3.182 
-959 .976 .983 .987 .990 .991 .993 :995 .998 5.841 
4 -811 .881 .912 930 .942 .950 .961 .973 986. 2.776 
-917 .949 .962 .970 .975 .979 .984 .989 -994 4.604 
5 -794 .836 .874 .898 .914 925 .941 .958 -978 2.571 
-874 .917 .937 .949 .957 .963 .971 -980 .989 4.032 
6 107 .795 .839 .867 .886 .900 920 .943 :969 2.447 
-834 .886 .911 .927 .938 .946 .957 -969 .983 3.707 
7 666 .758 .807 .838 .860 .876 .900 .927 960 2.365 
-798 .855 .885 .904 .918 .928 .942 :958 .977 3.499 
8 -632 .726 .777 811 .835 854 .880 .912 .950 2.306 
165 .827 860 .882 .898 .909 .926 9 6 .970 3.355 
9 602 .697 .750 .786 .812 .832 .861 -897 .941 2.262 
-785 .800 .836 .861 .878 .891 .911 .934 963 3.250 
10 -576 .671 .726 .763 .790 .812 .843 .882 .932 2.228 
-708 .776 .814 .840 .859 .874 .895 922 955 3.169 
11 -553 .648 .703 .741 .770 .792 806 -868 .922 2.201 
4684 .753 .793 .821 .841 .857 -880 .910 .948 3.106 
12 :532 .627 .683 .722 .751 .774 .809 -854 .913 2.179 
661 .732 .773 .802 .824 .841 -866 .898 .940 3.055 
13 514 .608 .664 .703 .733 .757 594 .840 .904 2.160 
641 .712 .755 .785 .807 .825 .852 -886 .932 3.012 
14 497 .590 .646 .686 .717 .741 79 -828 .895 2.145 
623 .694 .737 .768 .792 .810 -838 .875 .924 2.977 
15 4482 .574 .630 .670 .701 .726 165 .815 .886 2.131 
4606 .677 .721 .752 .776 196 .825 .864 .917 2.947 
16 4468 .559 .615 .655 .686 .712 -751 .803 .878 2.120 
-590 .662 .706 .738 .762 -782 .813 .853 .909 2.921 
17 456 .545 .601 .641 .673 .698 1388 .792 869 2.110 
975 .647 .691 .724 .749 7169 .800 .842 .902 2.898 
18 444.532 .587 .628 .660 686 .726 .781 .861 2.101 
561 .633 .678 .710 .736 -756 .789 .832 .894 2.878 
19 4433 .520 .575 .615 .647 4614 Л14 .770 .853 2.093 
+549 .620 «665 .698 .723 „744 -778 822 „887 2.861 
20 423 .509 .563 .604 .636 4662 .703 .760 .845 2.086 
537 .608 .652 .685 .712 -733 ΟΤΙ .812 .880 2.845 
21 -418 .498 .552 592 694 4651 .693 .750 .837 2.080 
-526 .596 .641 .674 .700 722 56 .803 .873 2.831 
22 404 .488 .542 .582 .614 640 .682 .740 .830 2.074 
515 .585 .630 .663 .690 712 .746 .794 .866 2.819 
23 396.419 .532 .572 .604 -630 .673 .731 .823 2.069 


-505 .574 .619 .652 .679 7101 .736 .785 .859 2.807 


*Adapted from H. А. Wallace and С. W. 
Caleulation," Iowa State College, Ames, Iowa, 1931, by courtesy of the authors. 


Reprinted from J. P. Guilford, "Fundamental Statisties in Psychology and Educa- 
tion," 4th ed., MeGraw-Hill Book Company, New York, 1965. ή 
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Table 8-2. Critical values for correlation and t ratios 
significant at the .05 level (lightface type) and at 
the .01 level (boldface type) for yarying degrees 
of freedom (continued) 


Degrees Number of variables 
of t 
freedom 2 8 4 5 6 # 9 13 25 


24 988 .470 .523 .562 .594 .621 .663 .722 «815 2.064 
25 381 460 .514 .553 585 .612 .654 .714 .808 2.060 
26 2374 .454 .506 545 .576 .603 .645 .706 802 2.056 
27 367 446 .498 .536 .568 .594 .637 .698 .795 2.052 
28 361 .439 .490 .529 560 .586 .629 .690 .788 2.048 
99 355 .432 .482 .521 .552 .579 .621 .682 .782 2.045 
30  .349 .426 .476 .514 545 .571 .614 .675 .776 2.042 
35  .325 .397 445 482 512 .538 .580 .642 .746 2.030 
40 304 .373 .419 .455 .484 509 .551 .613 .720 2.021 
45 2288 .353 .397 .432 460 485 .526 .587 .696 2.014 
50  .273 396 .379 .412 440 .464 .504 565 .674 2.008 
60 350 .308 .348 .380 .406 .429 .467 .526 .636 2.000 
10 333 286 .324 354 .379 .401 «438 .495 .604 1.994 
80 217 .269 .304 332 .356 .877 .413 .469 .576 1.990 


90 .205 .254 .288 .315 .338 .358 .392 .446 .552 1.987 


1.960 293 


tion coefficient* 


Table 8-3. Critical values of the correla- гі 


| Level of significance for one-tailed test || 
| os | os | οι 005 [ 
df " ЖЕЧИ NUN = 1 
Level of significance for two-tailed test H 
= й stie 
Í a0 .05 .02 от [ 
' 
988 997 | 9905 | 9999 [| 
2 ‚900 E 950 | «980 { 990 “ 
3 «805 878 | 934 959 [ 
4 209 | 811 .882 917 
5 669 754 .833 ὁ 874 
6 . 622 -707 -789 -834 С 
7 .582 -666 .750 | 198 
5 . 549 -632 ‚716 | 165 
9 «521 -602 -685 735 е... 
10 -497 «576 .658 708 | 
11 -476 .553 .634 684 R. 
12 .458 .532 .612 i 661 
13 .441 .514 592 | 641 
14 -426 497 | 574 | 623 
15 412 482 | 558 | 6% 
16 | -400 468 «542 | М 590 | 
17 | 1389 456 528 575 
18 | 378 .444 «516 | 561 ] 
19 | .369 .433 .503 | 549 E у 
20 | .360 .423 .492 | „994 | 
| | 
21 | 352 413 -482 | .526 Е 
22 | .344 .404 .472 | «ols 
23 337 -396 .462 | 505 
24 | 330 .388 -453 | 496 
25 i .323 .381 .445 | -487 } 
26 -317 ‚374 | 43] 479 
27 «411 367 | .430 ШЕ. | 
28 .306 361 | 423 .463 
29 -301 «455 416 456 
30 -296 349 | 409 449 X 
35 -275 .325 .381 ' 418 
40 «251 -304 -358 .393 "a 
45 .243 .288 338 | .372 | т 
50 «2591 .273 322 .354 
60 .211 .250 .295 | .325 
70 -195 „232 -274 | 303 Ш 
80 183 | .217 -256 | -283 
90 ‚173 | -205 -242 | .267 4 
100 164 195 |. .230 | .254 
U 
* Abridged from В. А. Fisher and F. Yates, "Statistical Tables for Biological, 
Agricultural, and Medical Research," Oliver & Boyd, Ltd., Edinburgh, by permission 4 
of the authors and publishers. Reprinted from G. A. Ferguson, “Statistical Analysis in 
Psychology and Education,” McGraw-Hill Book Company, New York, 1959. {| 
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Table 8-4. Values to facilitate the estimation of the cosine-pi 
coefficient of correlation, with two-place accuracy* 


ad ad ad ad 
Фе "соз-рі τε Teos-pi de Усоз-рї Τσ T'eos-pi 
1.013 .005* 1.940 .255 4.067 11.512 755 
1.039 .015 1.993 .265 4.205 .515 12.177 “65 
1.066 025 2.048 .275 4.851 .525 12.906 775 
1.098 035 2.105 .285 4.503 .535 13.102 .785 
1.122 .045 2.164 295 4.662 .545 14.592 195 
1.150 055 2.225 .305 4.880 .555 15.573 .805 
1.180 .065 2.288 «815 5.007 -565 16.670 815 
1.211 075 2.353 .325 5.192 .575 17.900 .825 
1.242 .085 2.421 .385 5.388 .585 19.288 .835 
1.275 .095 2.490 .345 5.595 .595 20.866 .845 
1.308 .105 2.563 .355 5.813 .605 22.675 .855 
1.342 115 2.638 .365 6.043 -615 24.768 .865 
1.377 .125 2.716 .375 6.288 .625 21.212 .875 
1.413 185 2.197 385 6.547 .635 30.106 .885 
1450 .145 2.881 .395 6.822 .645 33.578 .895 
1.488 155 2.957 405 7.115 -655 87.818 -905 
1.528 165 3.095 415 1.428 «665 48.100 .915 


1568 175 | 3.158 .425 7.161 «615 | 49.851 995 
1610 185 | 3.251 «435 8117 685 | 58.765 935 


1.653  .195 | 3.358 445 8.499 .695 | 71.046 .945 
1.697 905 | 3.460 405 8.910 .705 | 88.984 .955 
1143  .215 | 3.571 465 9.351 .715 | 117.52 .965 
1790 935 | 3.690 .475 9.828 35 | 169.60 .975 
1838 2395 | 3.808 485 | 10.344 .735 | 293.28 .985 
1888 245 | 3.985 «495 | 10.903 .745 | 934.06 .995 


* Based upon a more detailed tabulation of the same values by N. C. Perry, 
Ν. W. Kettner, A. F. Hertzka, and E. A. Bouvier, Estimating the Tetrachorie Correla- 
tion Coefficient Via а Cosine-pi Table, "Technical Memorandum No. 2, University of 
Southern California, Los Angeles, 15 3. Reprinted from J. P. Guilford, "Fundamental 
Statistics in Psychology and Education," 4th ed., McGraw-Hill Book Company, 


New York, 1965. 

{ Example: If an οἱ 
between tabled values of 
455 and .465; that is to 
attach a negative sign tO reos-pi- 


stained ratio ad/be equals 3.472, we find that this value lies 
3.460 and 3.571. The cosine-pi coefficient is therefore between 
t is 46. If bc is greater than ad, find the ratio be/ad and 
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Table 8-5. Maximal phi coefficients for different 
combinations of proportions of cases on 
the categories in X and Y having the 
largest marginal frequency p; and its 
corresponding marginal frequency p;* 


Maximum phi coefficient possible 


Ath 
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.50 60 -70 -80 90 1.00 


Smaller οί the two proportions (р) 


* From F. 5. Guilford, “Fundamental Statistics in Ps: 


š 1 ychology and Education,” 
ed., MeGraw-Hill Book Company, New York, 1965. = | 


Tim ри μα | 


p {== $ 


' 


[ Р= к= к= к= = = =m ЕН к= = = 


κ. = 


Table 8-6. Distribution of 
Zd; used in the 
rank-correlation 
coefficient* 


The chance is а that Zd;? equals or 
exceeds the value listed. 


хаг а Σά" а хаг? 


М = 4 N=7 N= 
18 .167 82 .151 172 .125 
20 .042 86 .118 180 .089 


N=5 90 «088 188 .060 
32 .175 94 .055 196 .038 
34 .117 98 .033 204 .022 
36 .067 102 .017 212 .011 
38 .042 106 «006 220 .004 
40 .008 110 .001 228 .001 


ΝΞ6 N=8 N = 10 
56 .121 120 .150 228 .139 
58 .088 126 .108 238 .102 
60 .068 132 .076 248 .072 
62 «051 138 .048 258 .048 
64 «029 144 .029 208 .030 
66 .017 150 .014 278 .017 
68 «008 156 .005 288 .009 
70 «001 162 .001 298 .004 


W. J. Dixon and Е. J. Massey, "Introduction to Statistical Analysis," 
*F ‚ Ј. Юй 3 zh 
2d ed pM Book Company, New York, 1957. 
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Table 8-7. Critical values of rs, the 
Spearman rank-correla- 
tion coefficient* 


Significance level (one-tailed test) 
N 
.05 -01 

4 1.000 

5 .900 1.000 

6 .829 .943 

P «114 «893 

8 .643 .833 

9 .600 . 783 
10 .564 .746 
12 .506 .712 
14 .456 .645 
16 .425 .601 
18 .399 .564 
20 .377 .534 
22 359 .508 
24 .343 -485 
26 .329 -465 
28 .317 .448 
30 .306 .432 


==“, 


* Adapted from E. G. Olds, Distributions of 
ences for Small Numbers of Individuals, Ann. Math 
and from В. G. Olds, The 5% 
ences and a Correction, 
permission of the 
Statisties,” Мес 


Sums of Squares of Rank Differ- 
- Statist., vol. 9, pp. 133-148, 1938, 
Significance Levels for Sums of Squares of Rank Differ- 
Ann. Math. Statist., vol. 20, pp. 117-118, 1949, with the kind 
author and the publisher. Reprinted from 8. Siegel, “Nonparametric 
iraw-Iill Book Company, New York, 1956. 
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Table 8-8. Probabilities associated with values as large as observed 
yalues of S in the Kendall rank-correlation coefficient* 


Values of N Values of № 
S 5 
4 g 8 9 6 z 10 
0 .625 | .592 .548 .540 1 .500 -500 .500 
2 .375 | .408 .452 -460 8 «360 .386 .431 
4 .167 | .242 | .360 .381 5 | «256 .281 .364 
6 .042 | .117 .274 .306 Y .136 191 .300 
8 .042 .199 .238 9 .068 19 «242 
10 .0083 | .138 .179 11 .028 | .068 -190 
12 .089 .180 13 .0083 | «055 .146 
14 .054 -090 15 -0014 | .015 .108 
16 .031 .060 17 -0054 .078 
18 ‚016 .038 19 .0014 | .054 
20 .0071 | .022 21 «00050 | .036 
22 ‚0028 .012 23 “023 
24 - 00087 .0063 25 .014 
96 ‚00019 ‚0029 27 ‚0083 
28 .000025 | «0012 29 .0046 
30 .00043 31 .0023 
32 .00012 33 .0011 
34 .000025 35 .00047 
36 .0000028 | 37 .00018 
39 .000058 
41 -000015 
43 -0000028 
45 -00000028 


Ке ВНА НС ο оа а = = MEME E ы ааа аа а 


* Reproduced from M. G. Kendall, “Rank Corr: 


tion Methods," 2d ed., Charles 


M 055, by permission of author and publishers. 

ifin & Company, Ltd., London, 1955, by permis Э € 

n КЫН БЫ Siege $ “Nonparametric Statistics," McGraw-Hill Book Company, 
e 1 


Νον ҮогК, 1956. 


Table 8-9. Critical values of s in the Kendall coefficient of 
concordance* 
N 
k 
зї 4 5 6 7 k 8 
Values at the .05 level of significance 
3 64.4 103.9 157.3 9 54.0 
4 49.5 88.4 143.3 217.0 12 71.9 
5 62.6 112.3 182.4 276.2 14 83.8 
6 75.7 136.1 221.4 335.2 16 95.8 
8 48.1 101.7 183.7 299.0 453.1 18 107.7 
10 60.0 127.8 231.2 376.7 571.0 
15 89.8 192.9 349.8 570.5 864.9 
20 119.7 258.0 468.5 764.4 1,158.7 
Values at the .01 level of significance 
3 75.6 122.8 185.6 9 75.9 
4 61.4 109.3 176.2 265.0 12 103.5 
5 80.5 142.8 229.4 343.8 14 121.9 
6 99.5 176.1 282.4 422.6 16 140.2 
8 66.8 137.4 242.7 388.3 579.9 18 158.6 
10 85.1 175.3 309.1 494.0 737.0 
15 131.0 269.8 475.2 758.2 1,129.5 
20 177.0 364.2 641.2 1,022.2 1,521.9 


ЕЕ -------------------- == м 
3 Adapted fro: i 


m М. Friedman, A Comparison of Alternat 


for the Problem of m Rankings, Ann. Math. Statist. 
kind permission of the author and the 
parametric Statistics,” MeGraw-Hi 
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» Pp. 86-92, 1940, with the 


Table 8-10. Distribution 
of quadrant 
sum for 
corner test 
for associa- 
tion for 
samples of 
size 2N* 
The table gives а, the chance that 
the quadrant sum equals or exceeds S. 


2N 
POO 
8 


8 -111|.126|. 183|.182|.129 


9 - 100|. 084|. 093| . 092| . 081 
10 - 100}. 055}. 064| . 063|. 053 
11 - 100| . 038| . 044| . 043| . 034 
12 - 100). 030|. 029| . 030| . 022 
13 . 000|. 029|. 019|. 020| .013 
14 -029|.018|.014|. 008 
15 -029|.010|.010|.005 
16 -029|.008|.00Τ|.003 
17 .000,.008|.005|.002 
18 .008/.003|.001 
19 -008/.002/.001 
20 .008/.001/.000 
21 .000/.001/.000 
22 -001/.000 
23 -001/.000 


не 


* From W. J. Dixon and F. J. Massey, “Introduction to Statistical Analysis,” 
2d ed., McGraw-Hill Book Company, New York, 1957. 


301 


μαι 


W ub d db w Wa W 


vey a uo Eth 


sectiom 


9 


MISCELLANEOUS 
STATISTICAL 
TABLES 


The simplified statistics of Table 9-1 can be used to facilitate several 
varieties of statistical analysis, provided that the data are at least 
approximately normal (ref. 2). 

Tables 9-2 and 9-3 are tables of random numbers. The two-digit 
numbers in Table 9-2 appear with equal frequency. By combining num- 
bers, random numbers with larger numbers of digits may be obtained. 
Table 9-3 contains random normal numbers calculated to three decimal 
places, with и = 0 апас = 1. 

An analysis-of-variance experiment is sometimes designed so that the 
shape of the regression of the dependent variable on an independent 
variable can be ascertained. If the levels of the independent variable are 
in equal steps, the technique of orthogonal polynomials can be used. In 
this method, linear, quadratic, cubic, etc. components of the regression 
may be separately evaluated for statistical significance with quasi- 
independence between the tests. In order to compute the mean squares 
for the linear, quadratic, etc., regression effects, the coefficients of 
orthogonal polynomials appropriate to the number of levels of the inde- 
pendent variable are needed. Table 9-4 contains such coefficients for 
evaluating up to fifth degree components and for up to 10 levels of the 
independent variable. Table 9-4 also contains the sums of squares of the 
coefficients used in computing the mean squares for the corresponding 
component and quantities λ, which are the multipliers for determining 
regression coefficients (ref. 2). 

Quite frequently, the basic data in an experiment will consist of 
proportions or percentages, and it is desired to subject this data to an 
analysis of variance or similar analysis. In this case it usually is desirable 
to transform the basic observations so as to eliminate the relationship 
between mean and variance, The customary transformation in this situa- 
tion is the arcsin transformation ф = Ὁ arcsin 4/z. Table 9-5 lists values 
of ф for values of X from 0.001 to 0.999. 

Information theory, as applied in communication systems, makes use 
of the concept of the amount of information associated with the trans- 
mission of a message г. The amount of information is — log P(x) where 
P(x) denotes the probability of the message z. The average amount of 
information per message for a discrete source is then — y P(x) log, Р(х). 


Information theory has had numerous applications in the behavioral 
sciences, and the connections between information theory and statistics 
have been extensively explored. Of particular interest is the use of the 
information concept in testing hypotheses about the goodness of fit of a 
sample of observations from a discrete random variable to some hypo- 
thetical distribution and in testing hypotheses about contingency tables 
Excellent discussions of these procedures can be found in Kullback. 
"Information Theory and Statisties," or in Garner, “Uncertainty amd 
Structure as Psychological Concepts." The many applications of informa- 
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tion theory require use of the functions — log; Р, —P log P, and H(P) = 
— (P logs P + Q logs Q) where P isa probability or proportion. Statistical 
applications frequently make use of the quantity n logs n. If P = n/N, 
then P log: P and n log: n are related by the equation 


nlog»n = NP(log; P + log; N) 


Table 9-6 contains values of — logs P, —P log; P, H, — logs Q, and 
— Q log: Q for values of P from 0.0001 to 0.5000. For larger values of P, 
P and © are interchanged. АП logarithms are to the base 2 in ТаЫе 9-6. 
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Table 9-1. Simplified statisties and statisties based оп sample ranges* 


(1) Percentile estimates in large samples 


(a) Mean 

Percentile estimate ЕЙ. 
1 Рьо .64 
2 .5(Ps; + Ρτο) .81 
3 .3333(Pi; + Pso + Раз) .88 
4 .25(Pies.s + Psz.s + Poss + Pars) .91 
5 -20(Pio + Рз + Ῥεο + Pro + Poo) .93 


30 |1002 + Pu + Pa + Pu + Ps + Pos + Ра T Pa δω Pa) | 067 


(b) Standard deviation 


Percentile estimate 


Eff. 
2 | .3388(Pos — Ро) -65 
4| .1714(Por + Pss — Ρις — Pos) .80 
6|.1180(Рв + Ри + Ρα — Р» - Pos - Риз) .87 
8 | .0935 (Роз + Pos + Ри + Рп - Ри - Ри - Ри — Ре) .90 
10 | .0739(Pos.s + Pos + Poo + Ры + Prs — Pos — Ри — Pio = Pos — Ри.в)| ‚92 
(c) Mean and standard deviation 
Efficiency 
Percentile Standard K 
deviation 
2 15, 85 -56 «4824 
4 05, 30, 70, 95 «14 «2905 
6 05, 15, 40, 60, 85, 95 .80 1704 
8 03, 10, 25, 45, 55, 75, 90, 97 -86 1262 
10 03, 10, 20, 30, 50, 50, 70, 80, 90, 97 „87 1104 
(2) Estimates of mean and dispersion in small samples 
(a) Unbiased estimate of = using the sample range w (variance to be multiplied 
by с?) 
Sample А 2 Sample " 
E Estimate | Variance ЕЙ. р Estimate | Variance Eff, 
2 .886w | .571 1.000 -315w | .0616 | s31 
8 .591w .275 .992 12 -307w -0571 ‚814 
4 .480w | «189 .975 13 -300w | .0533 | тот 
5 .430w .138 .955 14 -294w «0505 781 
6 .395w | .119 .933 15 -288w | .0474 | ‘766 
7 .370w | .0949 911 16 -283w | 0451 | ‘754 
8 .351w .0829* -890 17 -279w -0430 738 
9 .337w | .0740 .869 18 ἴδω | .0412 | 725 
10 .325w | .0671 .850 19 -271w | .0395 | тә 
20 .268w -0381 -700 


* Reprinted from W. J. Dixon and Е. J. Massey, “In 


troduction to 


Analysis," 2d ed., McGraw-Hill Book Company, New York, 1957. 
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Table 9-1. Simplified statisties and statisties based оп sample ranges 
(continued) 
(b) Percentiles of the distribution of w/c 


mune Ро | Pos | Ри | Poss| Pos | Ро | Ро | Pos |Р. | Ру» | Poss | Ро 
2 .00| .01| .02| .04| .09| .18/2.33|2.77 |3.17 |3.64|3.97 | 4.65 
3 .06| .13| .19| .30| .43| .62/2.90|3.31|3.68|4.12|4.42|5.06 
4 .20| .34| .43| .59| .76| .98|3.24|3.63|3.98 | 4.40| 4.69 | 5.31 
5 .37| .55| .66| .85|1.03|1.26|3.48|3.86 | 4.20 | 4.60 | 4.89 | 5.48 
6 .54| .75| .87|1.06|1.25|1.49|3.66 | 4.038 | 4.36 |4.76 | 5.03 | 5.62 
7 .69| .92|1.05|1.25|1.44|1.68|3.81|4.17|4.49|4.88|5.15|5.73 
8 .83 | 1.08 | 1.20 | 1.41 | 1.60 | 1.88 | 3.938 | 4.29 | 4.61 | 4.99 | 5.26 | 5.82 
9 .96|1.21|1.34|1.55 | 1.74 | 1.97 | 4.04 | 4.89 | 4.70 | 5.08 | 5.34 | 5.90 
10 1.08 | 1.33 | 1.47 | 1.67 | 1.86 | 2.09 | 4.13 | 4.47 | 4.79 | 5.16 | 5.42 | 5.97 
11 1.20 | 1.45 | 1.58 | 1.78 | 1.97 | 2.20 | 4.21 | 4.55 | 4.86 | 5.23 | 5.49 | 6.04 
12 1.30 | 1.55 | 1.68 | 1.88 | 2.07 | 2.30 | 4.29 | 4.62 | 4.92 | 5.29 | 5.54 | 6.09 
13 1.38 | 1.64 | 1.77 | 1.97 | 2.16 | 2.39 | 4.35 | 4.69 | 4.98 | 5.35 | 5.60 | 6.15 
14 1.47 | 1.72 | 1.85 | 2.06 | 2.24 | 2.47 | 4.41 | 4.74 | 5.04 | 5.40 | 5.65 | 6.20 
15 1.55 | 1.80 | 1.93 | 2.14 | 2.32 | 2.54 | 4.47 | 4.80 | 5.09 | 5.45 | 5.70 | 6.23 
16 |102 1.87 [2.00 |2.21 |2.39 |2.61 |4.52 |4.85 [5.14 | 5.49 | 5.74 | 6.27 
17 1.69 | 1.94 2.07 | 2.27 |2.45 2.67 |4.57 |4.89 |5.18|5.54 | 5.79 | 6.30 
18 1.75|2.01|2.14 | 2.33 2.52 |2.73 |4.61|4.93 | 5.22 |5.58 | 5.82 | 6.35 
19 1.82 |2.07 | 2.20 | 2.39 2.57 (2.79 | 4.65 | 4.97 | 5.26 | 5.61 | 5.86 | 6.38 
20 |188 [2.13 2,25 |2.45 |2.63 2.84 | 4.69 | 5-01 | 5.80 | 5.6 | 5.89 6.40 
(с) Unbiased estimate of с based оп s 
Sample size | Estimate Variance | Sample size Estimate Variance 
κ ==. 
1353s | «δι 7 1.0425 . 0865s? 
: 171280. | аа 8 1.0365 073802 
"Mee 9 1.0325 06430? 
4 1.0858 x 
$ 1.064s 13953 10 1.0285 . 05700? 
1 
6 1.0518 | .104e* ш Ë πρ n]: бг 
(4) Меап deviation estimate of σ 
Sample Estimate Eff. 
size 
_— 1.00 
8862(1: — Хо) 99 


.5908(X; — Ха) : E 


«ο 00 -1 ο σι 93 το 


T 
о 
+ 
sa P: Bd Bd b Da BB 
+ 
bq 
м 


+ ἄχ Ἐς EXE) 59 


.1858 Со 


= 
Table 9-1. Simplified statistics and statistics based on sample ranges — | 
(continued) 
(e) Modified linear estimate of о (variance to be multiplied by е?) d | 
| 
1е " Vari- = 
кп Estimate RS i 
2 |.8862(X. — X) 571 | 1.000 ш | 
3 .5908(X; — Xi) .275 .992 
4 -4857(Хи — X) .183 .975 Г 
5 .4299(Хь — Χι) .138 .955 
6 | .2619(X, + Xs — X: — X) -109 | .957 = 
7 -2370(X7 + X, — X; — Χι) .0895 .967 
8 .2197(Xs + X; — X: — X) .0761 .970 г 
9 -2068(Х, + X, — X; — Χι) .0664 .968 
10 .1968(Хло + Χο — Хз — X1) .0591 .964 ad 
11 -1608(Хи + Хь + Xs — X, — X; — X) .0529 .967 | 
12 .1524(Х + Хи + X, — X, — X; - X) .0478 .972 e 
13 -1456(Х + Xi + X, — X. — X; — X) .0436 .975 
14 -1899(Хи + Xi + Хи — X, — X. — X1) .0401 .977 we 
15 -1352(Xis + Хи + Хи — Χι-- X; — X) .0372 .977 | 
16 | .1811(Xie + Xu + Xn — X, — X: — X) .0847 | .975 = 
17 -1050(Хе + Хи + Xis Хи — X; — X1— Xi — X) «0325 .978 
18 -1020(Xis + Xi; + Xis + Хи — X, — X, – X, =.) . 0305 .978 м 
19 -09939 (X19 + Xu + Xi + Χιι — X; — X1 — X: — Χι) | .0288 .979 | 
20 09706(Х + Хо + Xis + Xis — X; — X; — X: — Χι) | .0272 .978 


Av. of best two 


+ Χν.)/(Ν — 2) 


Var. | ЕЯ. |Var.| ЕЯ. Statistic Var. | Eff. Var. Eff. = 1 
2| .500 /|1.000.50011.0003(X, + X. | .500 (1.000 | 
3| -449 | .743|.362| 920126, + X) | .362 | 920 .449 .743 
4) .298 | .838|.298| .8385(X. + X:) | 208 | .838| оов „838 | 
5) .287 | .697|.261| .7672(X.-- X) | .231 | .867 зат .881 τ 
6| .215 | .776.236 .7065(X, + хе) | .193 | 865 „184 -906 | 
7| .210 | .679.218 .654}2(X2+ X) | 168 | .849 155 .922 i 
8| -168 | -748/.205| .6105(Х, + Ха) | 149 | .837| 134 .934 
9| .166 | .609|.194| .5722(Х. + X;) | 132 | .843 .118 .942 "^9 

10| «198 | .Τ29|.186| .539$(X: + X) | .119 | .840 .105 .949 | 
11| .137 | .663.178 .5102(X; + X) | .109 | .832 .0952 .955 
12| .118 | .709..172| .4845(X. + X) | .100 | .831 .0869 .959 
13| .117 | .659..167| .4612(Х, + Хи) | .0924 | 833 .0799 «9608 “ү 
14 | -192 | .609/.162/ „440ја(Х., + Хи) | .0860 | 830)  .0739 -966 | 
15| .102 | .656.158 .422/5(Χ. + Х) | .0808 | 825 «0088 «969 A 
16 | .0904 | .692/.154| .392|5(Хь + Хи) | .0756 | вот 0644 .971 
17 | .0901 | .653..151| .389$ (X. + Хи) | .0711 | βοὴ -0605 .973 | 
18 | .0810 | .686..148| .375 $(X. + X14) | .0673 | 825 -0570 .975 | 
19| .0808 | .651).145] .362%(X, + X1) | .0640 | .823 .0539 .976 
20 | .0734 | .681..143| .3501(X, + Xie) | .0607 | .824 .0511 .978 

.637 -000(8 (Ра + Pr) |1.24/N| 808 | 
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Table 9-1. Simplified statisties and statistics based оп sample ranges 
(continued) 
(g) Mean values of the order statisties. Values given are in deviations from the 
mean т standard-deviation units. 


Sample 
size Xi X: Xs Хи X; Xs Xi Жу x, | хь 


2 |— .564| .564 
з |-- .840| .000| «846 
4 |—1.029|— .297|  .297| 1.029 
5 |—1.163|— .495|  .000| .495| 1.163 
6 |—1.267|— .642|— .202| .202| .642| 1.267 
7 |-1.352|— .757|— .353| .000 .353| .757| 1.352 
8 |-1.494|-- .852|— .473|—.153| .153| .473| .852| 1.424 

9 |—1.485|- .932|— .572|—.275] .000| .275| .572| .932| 1.485 

10 |—1.539|—1.001|— .656 —.376|—.123| .123| .376| .650| 1.001| 1.539 
11 |—1.586|—1.062|— .729/—.462|—.225| .000| .225| .462| .729| 1.062 
12 |—1.629|—1.116|— .793|—.537|—.312|—.103| .103| .312| .537| .793 
13 |—1.668|—1.164|— .850,—.603|—.388|—.191| .000  .191| .388| 603 
14 |—1.703|—1.208|— .901|—.662|—.456|—.267|—.088| .088| .267| 456 
15 |—1.730|—1.248|— .948—.715|—.516 —.335|—.165| .000| .165| .335 
16 |—1.760|—1.285|— .990|—.763|—.570|—.390—.234|—.077| .077| .234 
17 |—1.794| —1.319| —1.029] — -807|— .619|— .451|— .295|—.146| .000  .146 
18 |—1.820|—1.350|—1.066|—.848|—.605|—.502|—.351|—.208|—.069| .069 
19 |—1.844] 1.380 —1.099] — .886| — .707|— .548| —.402|—.264—.131| .000 
20 408, —1.131| —.921|— .745| — .590| — .448| — .315| — .187| — 062 


—1.867|—1. 


е sizes greater than 10 the mean values of Хи, X12, ete., сап be obtained 
= 17 the expected value of X; is the same except 


For sampl 
by symmetry. For example, for V 
for sign as the expected value of Xs. 


(h) Best linear estimate of σ 


Sample Estimate xS 
size 
2 [|.8802(X:— XO m 
.5908(X1— X1) 
i И ХО 110206 - X9 E 
5 "g724(Xs—X1) 1-.1852{Χι-- Хо) ἘΣ 
6 3175(Xo—X1) +.1386(X,— Ха) +.0439(Х‹— Χὴ 88 
“авс Xi) +--.1351(Х«—Ха)+-.0625(Х— Ха) Й do 
y αν C3 — X3) F-07180 Ky) εμεις. “086 
а ја X -X ) 4.1233(Xs— X9) -+.0751(X1— Ха) 086006 X1) gsm 
о тя “xo+ тое — X9) + -0763(Xs— Xs) +.0436(X;— 0) + .0142(Х«— X9) | .990 
10 |. Хю-Х)+. 
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Table 9-1. Simplified statisties and statisties based оп sample ranges 


(continued) 
(3) Substitute { ratios 


(a) Percentiles* for τι = 


— É, where w is the sample range 


Sample size Р» Pons Pos Ру Poss Ро. 
2 3.175 6.353 15.910 31.828 159.16 318.31 
8 .885 1.304 2.111 3.008 6.77 9.58 
4 .529 .717 1.023 1.316 2.29 2.85 
5 .388 .507 .685 .843 1.32 1.58 
6 .312 .399 .523 .628 .92 1.07 
7 «208 -333 .429 .507 71 .82 
8 .230 .288 .366 .429 .59 .67 
9 .205 .255 «922 .374 -50 .57 

10 .186 «290 «258 «8338 «44. «50 
11 .170 .210 .262 .302 .40 44 
12 .158 .194 .241 .277 ‚36 .40 
13 .147 .181 .224 .256 .33 .37 
14 .138 -170 .209 «299 .31 .34 
15 .131 .160 .197 .224 .29 ‚82 
16 «124 «151 .186 .212 .27 .30 
17 .118 .144 171 .201 .26 .28 
18 .113 .137 .168 .191 .24 .26 
19 .108 .131 .161 .182 .28 .25 
20 - 104 -126 .154 -175 .22 .24 

—Ро —Pors Ра — Ро —Рол --Ρο.ου 


— ү 
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* When the table is read from the foot, the tabled val 
negative sign. 
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Table 9-1. Simplified statisties and statistics based on sample ranges 
(continued) 


(b) Percentiles* for та = σείων Επαῷ obtained from two samples 


Sample sizes 
N. 5. N: Pos Pos Pss Роу Ру.» Р». 
2 2.322 8.427 5.553 7.916 17.81 25.23 
8 .974 1.272 1.715 2.093 3.27 4.18 
4 . 644 .813 1.047 1.237 1.74 1.99 
5 .493 .613 .772 .896 1.21 1.35 
6 .405 .499 .621 .714 .94 1.03 
7 «847 .426 .525 .600 ae .85 
8 .306 .373 .459 .521 -67 «78 
9 ‚275 „884 .409 .464 -59 .64 
10 .250 .304 -371 419 «59 .58 
11 .233 .280 -340 -384 -48 .52 
12 «214 «200 «815 -855 „44 .48 
13 .201 .243 «994 „331 «41 «45 
14 .189 .228 .276 .311 .39 .42 
15 .179 .216 .261 .293 .36 -39 
16 70 «905 «247 -278 .34 .37 
17 .162 -195 «256 «2604 .33 «96 
18 155 «187 «9225 «259 .31 .34 
19 149 «179 216 242 «80 .32 
20 . 143 .172 .207 .232 .29 .31 
СРЕ Biss =Po —Роь —Рол —Po.08 


* When the table is read from the foot, the tabled values are to be prefixed with a 


negative sign. 
_ бы + Хк) — u 


(c) Percentiles for т» Ps 


| j о = ш т. 
1 Sample Ри Pis Ру Pos.s 
4 size 
| ë 2 3.16 6.35 15.91 31.83 
3 .90 1.30 2.11 3.02 
d 4 .55 .74 1.04 1.37 
- 5 .42 .52 abl -85 
| : 6 .35 .43 .56 .66 
2 7 30 .37 47 ‚55 
| 8 .26 .33 .42 .47 
d 94 30 «38 42 
| T “92 97 .35 .39 
; 1 еек зн Б cS Ри —Pos 
MEE Ped eames 


| 811 
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Table 9-1. Simplified statistics and Statistics based on sample ranges 
(continued) 


(4) Substitute F ratio, ratio of ranges 


Sample Sample size for numerator же! 
size for | Сита. 
denomi- | prop. - | 
ον 2 8 4 5 6] τ] 8s! sl 
2 005) .007ў .o96) .21| 30] 0.38]  .44| 49 ы .57 
.01 .0157| 136) .% .38  .46  .53| вој δὰ δ 
.025| .039 | .217| δη .50| .60| .68 πα] ту "з 
.05 .079 «81 -50 -62 ‚74 -80 .86 .91 95 ~ 
95 | 12.7 |19.1 ја |26 |29 |30 |32 |за | 
.975| 25.5 }382 |52 |57 jeo {62 |е |ez lss l: 
„99 | 63.7 95 116 132 142 153 160 168 174 | 
.995 |127 191 230 |250 |260 |270 |280 290 (290 ol 
3 -005 -0052| .07ι «16 .24| .32| .38| 43 дт .50 -- 
-O1 | 00) .100| 20. .30| з] 43 4ο) ву бу | 
„025| .026 | 160] .28) .39| 4 δι. 59] би gg 
‚05 09, 33] 3 геј вт 64 .70 1) gg 
95 | 3.19 | 44 | 5.0) 5.7 | 6.2] 66] 60| 72| 74 
-975| 4.61 | 6.3 | 73| вој 87) 93| 9.8 | 10/2 | 10/5 
.99 | 7.37 |10 2 |8 |1 |18 [16 lie [17 5 | 
995] 10.4 14 17 18 |2) |21 [92 |23 |25 
4 |.00%5| 004 .059 14 24 .28| | 8 43) 46 
ὯΙ 086. 054 18. .2 34. .39| 44 48 αρ | 
025. 019) .137| 25. .34| 43 .48| :53| δ] е 
“05 .043 -20 | 334. „4 50 057 6) 6 το 
.95 | 2.02 | 2.7 | 3.1| 34 3.6 | 3.8] 40] 42| 44 
.975| 2.72 | 3.5 | 40) 4.4] 4.7] 50] 52| 54| 56 
«ο | 3.83 | 5.0 | 5.5) вој 6.4] 67| τοι 72| 75 | 
.995| 4.85 | 6.1 | 7.0| 76] 8.1] &5| 88| 93| ое 
5  |.005| .0039 .054) .13| .20 2% з мв) 40) ч | 
.01 | 007] 07] | 24 .31| .30 ај м] “ag [ 
.025| «018 124 23| .32 38| |] 40 ју 
.05 038] 18| 20. οἱ 40! 50 5 бв С 
.95 | 1.61 | 2.1 | 24 26 2.8| 29| 30] 31| 32 | 
.975| 2.01 2.6 2.9| 3.2] 3.4| 3.6| 3.7] 38 3.9 е 
99 | 2.64 | 3.4 | 38) 41) 43] 46] 47| 49| 50 
995] 3.36 | 4.1 | 46] 4.9] 5.2| 55] 57| 59| 61 | 
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Table 9-1. Simplified statistics and statistics based on sample ranges 
(continued) 
Sample Sample size for numerator 
size for 
denomi- "m. 5 = 
ој ни гор. 2 3 + 5 6 7 8 9 10 
6 - 005 0038 -051 .12 „19 -25 .30 35 .38 -42 
.01 0070 .073 .16 .23 .29 .34 .39 .43 .46 
-025| .017 -115 -21 .30 .36 .42 .46 -50 «54 
-05 . 035 .16 -27 .36 .43 .49 .94 .58 .61 
.95 | 1.36 1.8 2.0 2.2 2.3 2.4 2.5 2.6 2.7 
-975| 1.67 2.1 2.4 2.6 2.8 2.9 3.0 3.1 3.2 
-99 | 2.16 2.7 3.0 3.2 3.4 3.6 3.7 3.8 3.9 
.995| 2.67 3.1 3.5 |3.8 | 40 |4.1 | 48 | 4.5 | 4.6 
7 -005| .0037 .048 .12 .18 ‚24 ‚29 .33 .97 .40 
.01 .0066 .069 .15 .22 .28 .33 .37 «41 «45 
.025| .016 ‚107 .20 .28 .34 .40 44 .48 .52 
.05 .032 .15 .26 .35 .41 47 -51 -55 .59 
.95 | 1.26 1.6 1.8 1.9 2.0 2.1 2.2 2.3 2.4 
.975| 1.48 1.9 2.1 2.3 2.4 2.5 2.6 2.7 2.8 
.99 | 1.87 2.3 2.6 2.8 2.9 3.0 3.1 3.2 3.3 
.995| 2.28 2.7 2.9 3.1 3.3 3.5 3.6 3.7 3.8 
8 .005| .0036 .045 У -18 .23 .28 .32 .36 .39 
. 01 . 0063 -065 .14 «21 .27 .32 .36 .40 .43 
.025| «016 .102 .19 .27 .33 .38 ‚43 -47 -50 
-05 . 031 14 .25 .33 .40 .45 .50 .53 .57 
.95 | 1.17 1.4 1.6 1.8 1.9 1.9 2.0 2.1 2.1 
-975| 1.36 1.7 1.9 2.0 2.2 2.3 2.3 2.4 2.5 
.99 | 1.69 2.1 2.3 2.4 2.6 2.7 2.8 2.8 2.9 
-995| 2.03 2.3 2.6 2.7 2.9 3.0 3.1 3.2 3.3 
9 .005| .0035 042 11 AT .22 .27 .31 .35 .38 
‚01 -0060 -062 «14 «91 «26 «81 .35 .39 .42 
.025| .015 . 098 -18 -26 .32 .37 .42 .46 .49 
.05 .030 .14 .24 .32 .38 .44 .48 .52 .55 
.95 | 1.10 1.8 1.5 1.6 1.7 1.8 1.9 1.9 2.0 
.975| 1.27 1.6 L8 (19 |20 | 241 |2.1 | 22 | 9.8 
.99 | 1.56 1.9 2.1 2.2 2.3 2.4 2.5 2.6 2.6 
.995| 1.87 2.1 2.3 12.5 |2.6 | 2.7 | 28 | 29 | 3.0 
10 .005| «0084 -041 -10 ‚16 E .26 .30 | .34 .37 
.01 .0058 .060 .13 .20 .26 .30 .34 .38 .41 
.025| .015 .095 | 18] .25| .31| 36| .41| 44] „48 
.05 .029 .13 .23 .31 .37 .43 -47 .51 .54 
.95 | 1.05 1.8 1.4 |1.5 | 1.6 | LT | 18 | 1,а | 0 
.975| 1.21 1.5 16 |18 | 19 |19 | BO [50 (2,1 
.99 | 1.47 1.8 19 |21 |2.2 |22 | 23 |24 | 2.4 
.995| 1.75 2.0 2.2 |2.3 |2.4 |25 |2.6 | 2.6 | 3.7 
m— a —— — ————É nan: μμ 


Table 9-1. Simplified statistics and statistics based on sample ranges 
(continued) 


(5) Criteria for testing for extreme mean (testing for outliers) 


Critical values 


Number of | 
ebs., k а= jas | a= | a=] а= | а= a 


.30 .20 10 .05 .02 .01 .005 


Statistic 


.684 | .781 | .886 | .941 | .976 | .988 | .994 
.471 | .560 | .679 | .765 | .846 | .889 | .926 
.821 
.318 | .386 | .482 | .560 | .644 | .698 | .740 
.281 | .344 | .434 | .507 | .586 | .637 | .680 


3 
2 
Еј 
l 
ња 
5 
| 
зон © 
©з 
N 
© 
КЧ 
σι 
сл 
© 
- 
© 
> 
№ 
EI 
у 
© 
τα 
oo 
© 


‚725 
-677 
.639 


.713 
.675 
.649 


.674 
.647 
‚624 
-605 
«589 
‚575 
‚562 
‚551 
541 
‚582 
‚524 
-516 


Table (la) is reproduced here with kind permission from F. Mosteller, On Some 
Useful “Inefficient” Statisties, Ann. Math. Statist., vol. 17, р. 377, 1946. Tables 
(16) and (le) are reproduced with permission from E. К. Yost, "Joint Estima- 
tion of Mean and Standard Deviation by Percentiles,” unpublished master’s thesis, 
University of Oregon, Eugene, Oregon, 1948. Table (2a) is reproduced with permission 
from Е. 5. Pearson, The Probability Integral of the Range in Samples of n Observa- 
tions from a Normal Population, Biometrika, vol. 32, p. 301, 1942. This table contains a 
number of errors of one unit in the last figure. If a higher degree of accuracy is required 
the reader should consult Harter and Clemm, Wright Air Development Center, 
Report 58-484, vol. 1. Tables (2b) to (2g) are reproduced from W. J. Dixon, unpub- 
lished manuscript, University of California, Los Angeles. Tables (За and 35) are repro- 
duced with the permission of E. S. Pearson from E. Lord, The Use of the Range in 
Place of the Standard Deviation in the ¢ Test, Biometrika, vol. 34, p. 41, 1947. Table 
(3c) is reproduced with permission from J. E. Walsh, On the Range-Midrange Test and 
Some Tests with Bounded significance Levels, Ann. Math. Statist., vol. 20, p. 257, 
1949. Table (4) is reproduced and extended from В. Е. Link, On the Ratio of Two 
Ranges, Ann. Math. Statist., vol. 21, p. 112, 1950. Table (5) is reproduced from W. J. 
Dixon, Processing Data for Outliers, Biometrics, vol. 9, p. 74, 1953. 
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ТаЫе 9-2. 


Random numbers* 


24 
63 


овоше 


* This table is reproduced with permission from tables of the RAND Corporation. 
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ТаЫе 9-2. 
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Random numbers (continued) 
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Table 9-2. 


Random numbers (continued) 


61 93 
54 32 
04 92 
61 95 
77 39 
91 27 
31 92 
04 10 
99 75 
79 85 
53 35 
02 56 
05 36 
45 57 
47 07 
60 68 
82 14 
44 07 
93 27 
93 35 
47 46 
49 69 
94 14 
37 56 
98 81 
56 70 
24 90 
97 39 
19 88 
86 45 
89 70 
29 37 
25 18 
92 05 
24 95 
73 43 
45 80 
46 80 
08 80 
06 98 
84 82 
11 53 
20 82 
35 13 
93 29 
57 86 
63 44 
70 93 
46 52 
52 04 


94 
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Table 9-2. Random numbers (continued) 


o 
5 
© 
© 
° 
° 
EI 
© 
EI 
© 
© 
a 
m 
© 
° 
© 
© 
N 
ко 
19 
oa 
° 
© 
= 
© 
° 
© 
m 
= 
x 
© 

to ον ч с 

казла 


66 84 77 04 95 32 35 00 29 85 86 71 63 87 46 

26 
72 46 13 32 30 21 52 95 34 24 92 58 10 22 62 78 i s 
21 03 29 10 50 13 05 81 62 18 12 47 05 65 00 15 29 27 
95 36 26 70 11 06 65 11 61 36 01 01 60 08 57 55 01 85 


49 71 29 73 80 10 40 45 54 52 34 03 06 07 26 

5 
58 27 50 17 64 97 58 65 47 16 50 25 94 63 45 = 18 a 
89 51 41 17 88 68 22 42 34 17 73 95 97 61 7: 
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Table 9-2. Random numbers (continued) 


19 61 27 34 30 11 66 19 47 70 77 60 36 56 69 86 86 81 26 65 30 01 27 59 s9 
39 14 17 74 00 28 00 06 42 38 73 25 87 17 94 31 34 02 62 56 66 45 33 70 16 
64 75 08 04 57 08 74 71 28 36 03 46 95 06 78 03 97 44 34 23 66 67 78 25 56 
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Table 9-3. Random normal numbers, и = 00 = 1* 
o 02 08 04 05 06 07 08 09 10 
0.464 0.137 2.455 —0.323 —0.068 0.296 —0.288 1.298 0241 —0957 
0.060 —2.526 —0.531 —0.194 0.543 —1558 0187 —1.190 0.022 0595 
1486 —0.354 —0.634 0.697 0.926 1375 0.785 —0963 - 0853 —1865 
1.022 —0.472 1279 3.521 0571 —1851 0194 1192 —0.501 — 0253 
1.394 —0.555 0.046 0.321 2.945 1:974 —0.258 0412 0.439 0045 
0.906 —0.513 —0.525 0595 0.881 —0.931 1579 0.161 —1885 0371 
1.79 —1.055 0007 0.769 0.971 0.712 1090 —0631 — 0255 03 
1.501 —0.488 —0.162 —0.136 1.033 0:203 0.448 0.718 —0.423 0402 
—0.000 0.756 —1.618 —0.345 —0.511 —2051 —0457 —0.218 0857 — 0465 
1.372 0.225 0.378 0761 0.181 —0.736 0.960 —1.530 - 0300 0100 
—0482 1.678 —0.057 —1.229 —0.486 0.856 —0491 —1.983 — - 
—1376 —0150 1356 —0561 —0256 —0212 0219 075 25880 20.805 
21-00 0.598 —0.918 1.598 0.065 0415 —0.169 0:313 —0.973 — 00g 
—0005 —0.809 0.012 —0.725 1147—0101 1096 0481 - 1601 бз; 
1.898 —1163 —09 1281 -0109 —0.246 12289 - 254 —0558 0417 
—1.787 —0.261 1.237 1.046 —0.508 —1.630 - 0146 — = 
—0105 —0.357 —1.384 0.360 - 0902 —0.116 τα 099 и 1997 - 9351 
— 1399 1.827 —0.959 0424 0969 —1141 —1.041 0.362 1105 —2-857 
1041 0.585 071 1577 0983—1330 1.620 —1040 otas _1:956 
0.279 —2.056 0.717 —0.873 —10% —1.396 1047 0089—05 (05 
—1.805 —2.008 —1.633 0.542 0.250 —0.166 
—1186 1:180 1114 0882 1265 —0202 0052 оо E 
0.058 —1.141 1.151 —1210 —0927 0425 0200 —0:902 0810 0479 
0439 0.358 —1.989 0801—0227 0.602 0.873 —0497 ο, 2.709 
— 1.399 -0280 0.885 —0.649 —0.577 0:237 —0.289 быз 0220 md 
0.199 0.208 —1.083 —0.219 —0291 190 
0159 0.272 —0.313 0084 —2828 —0430 019 EL EI ma. 
2273 0606 0.600 —0.747 0247 1291 0.063 —1793 0029 —1.047 
0.041 —0.307 0.121 0.790 —0.584 0541 0484 со - 0.600 -- 1.347 
-1182 —2008 0.921 0.145 0446 —1.661 1045 i509 -0.580 1 998 
0.768 0.079 —1473 0.034 —297 06 | 
0.375 - 1.658 —0.851 0.234 —0.656 0969 ο —0279 0.551 
—0.513 —0.344 0.210 —0.736 101 0:008 0.995 —0158 —0.120 0418 
0292 —0.521 1266 —1206 -0809 0110 —0598 —0881 Qu ОШ 
i 990 —0.574 —0.491 —1.1 1433 —1 i : 
14 1297 —1433 - 1845 3001 0359 
—1.334 1278 —0.568 —0.109 —0.515 — 
—0:287 —0144 —0,254 0574 0215 9568 215 0300 0.359 0.326 
0.161 —0.886 —0.921 —0.500 1.410 —0.518 олуу 0318 —0.0 1.114 
-1346 0199 —1202 0.394 —1045 оваз быз —0482 Oost 0988 
250 —0.199 —0.288 1.810 1.378 і : -031 0.772 
ой 0.584 1216 0788 0.402 0:292 
630 —0.537 0782 0.060 0.499 — 
0375 —1941 0247 —0.491 Обо 0181 -019 _114 0.884 —0.298 
—1420 0489 -171 —1.186 0754 —0.732 —0445 —0.498 0457 1064 
151 -0248 —0430 -0.762 0208 1049 1-909 1.006 Zos 18 
>01 . А16 —1.541 1456 2, „т Ë —0.768 —0.129 
0.424 —0.444 0.508 0 "BM E 
424 —0. | 993 —0.10 
0.503 0.658 —1127 —1407 - 9409 ας τι T1272 1066 1097 
0.862 —0.885 —0.142 —0.504 0.532 1381 0995 1202 0.736 0916 
0285 —0.628 που --0 468 —0.899 —0.394 005 BEC —0.342 1222 
—0. f j 0.833 0.410 -0349 —]; ей —0.188 —1.153 
1094 0.580 1395 1298 


* This table is reproduced with Permission from tables of the RAND G, 
orporation. 
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Table 9-3. Random normal numbers, и = 0, с = 1 (continued) 


11 12 18 14 15 16 17 18 19 20 


—1.329 —0.238 —0.838 --0.988 —0.445 0.964 —0.266 —0.322 —1.726 2.252 
1.284 —0.229 1.058 0.090 0.050 0.523 0.016 0.277 1.639 0.554 
0.619 0.628 0.005 0.973 —0.058 0.150 —0.635 —0.917 0.313 —1.203 
0.699 —0.269 0.722 —0.994 —0.807 —1.203 1.163 1244 1.306 —1.210 
0.101 0.202 —0.150 0.731 0.420 0.116 —0.496 —0.037 —2.466 0.794 


1 —1.381 0.301 0.522 0.233 0.791 —1.017 —0.182 0.926 —1.096 1.001 


—0.574 1.366 —1.843 0.746 0.890 0.324 - 1.249 —0.806 —0.240 0.217 
0.096 0.210 1.091 0.990 0.900 - 0.837 —1.097 —1.238 0.030 —0.311 
= 1.389 —0.236 0.094 3.282 0.295 —0.416 0.313 0.720 0.007 0.354 
1 1.249 0.706 1453 0.366 —2.654 —1400 0.212 0.307 +1.145 0.639 


0.756 —0.397 —1.772 —0.257 1120 1.188 —0.527 0.709 0.479 0.317 
—0.860 0.412 —0.327 0.178 0.524 —0.672 —0.831 0.758 0.131 0.771 

-? —0.778 —0.979 0.236 —1.033 1.497 —0.661 0.906 1.169 —1.582 1.303 
0.037 0.062 0.426 1.220 0.471 0.784 -0.719 0.465 1.559 - 1.326 
2.619 —0.440 0.477 1.063 0.320 1.406 .-0.701 --0.128 0.518 —0.676 


—0.420 —0.287 —0.050 —0.481 1.521 —1.367 0.609 0.292 0.048 0.592 

ў 1.048 0.220 1.121 —1.789 - 1.211 —0.871 —0.740 0.513 —0.558 —0.395 
1.000 —0.638 1.261 0.510 —0.150 0.034 0.054 —0.055 0.639 —0.825 

0.170 —1.131 —0.985 0.102 —0.939 —1.457 1.766 1.087 —1.275 2.362 

1 0.389 —0.435 0.171 0.891 1.158 1041 1.048 - 0.324 —0.404 1060 


4 —0.305 0.838 —2.019 —0.540 0.905 1.195 —1.190 0.106 0.571 0.298 
—0.321 —0.039 1.799 —1.032 —2.225 —0.148 0.758 —0.862 0.158 —0.726 

| 1.900 1.572 —0.244 —1.721 1.130 0.495 —0.484 0.014 —0.778 - 1.483 
т —0.778 —0.288 —0.224 —1.324 —0.072 0.890 —0.410 0.752 0.376 —0.224 
1 0.617 —1.718 —0.183 —0.100 1.719 0.696 —1.339 —0.614 1.071 --0.386 


—1.430 —0.953 0.770 —0.007 —1.872 1.075 —0.913 —1.168 1.775 0.238 

0.267 —0.048 0.972 0.734 —1.408 —1.955 —0.848 2.002 0.232 —1.273 

| 0.978 —0.520 —0.368 1.690 —1479 0.985 1.475 —0.098 —1.633 2.399 
| —1.235 —1.168 0.325 1.421 2.652 —0.486 —1.253 0.270 —1.103 0.118 
3 —0.258 0.638 2.309 0.741 —0.161 —0.679 0.336 1.973 0.370 —2.277 


0.243 0.629 —1.516 —0.157 0.693 1.710 0.800 —0.265 1.218 0.655 

т -0.292 —1.455 —1.451 1.492 —0.713 0.821 —0.031 —0.780 1.330. 0.977 
—0.505 0.389 0.544 —0.042 1.615 —1.440 —0.989 —0.580 0.156 0.052 

| 0.397 —0.287 1.712 0.289 —0.904 0.259 --0.600 —1.635 --0.009 —0.799 

| = —0.605 —0.470 0.007 0.721 —1.117 0.635 0.592 —1.362 —1.441 0.672 


1.360 0.182 —1.476 —0.599 —0.375 0.292 —0.700 0.058 —0.340 —0.639 
0.480 —0.699 1.615 —0.225 1.014 —1.370 —1.097 0.294 0.309 —1.389 
—0.027 —0.487 —1.000 —0.015 0.119 —1.990 —0.687 —1.964 —0.366 1.759 
—1.482 —0.815 —0.121 1.884 —0.185 0.601 0.793 0.430 —1.181 0.426 
—1.256 —0.567 —0.994 1.011 —1.071 —0.623 —0.420 —0.309 1.362 0.863 


| 4 —1.132 2.039 1.934 —0.222 0.386 1.100 0.284 1.597 —1.718 —0.560 
i --0.780 —0.239 —0.497 —0.434 —0.284 —0.241 —0.333 1.348 —0.478 —0.169 
-0.859 —0.215 0.241 1.471 0.389 —0.952 0.245 0.781 1.093 —0.240 

| 0.447 1.479 0.067 0.426 —0.370 —0.675 —0.972 0.225 0.815 0.389 
0.269 0.735 —0.066 —0.271 —1.439 1.036 —0.306 —1.439 —0.122 —0.336 


0.097 —1.883 —0.218 0.202 —0.357 0.019 1.631 1.400 0.223 —0.793 

*' —0.686 1.596 —0.286 0.722 0.655 —0.275 1.245 —1.504 0.066 —1.280 

| 0.957 0.057 —1.153 0.701 —0.280 1.747 —0.745 1.338 - 1421 0.386 
| —0.976 —1.789 —0.696 —1.799 —0.354 0.071 2.355 0.135 - 0.598. 1883 
7 0274 0226 —0.909 —0.572 0.181 1115 0406 0.453 —1218 —0.115 
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Table 9-3. Random normal numbers, р = 0, с = 1 (continued) 

21 22 23 24 25 26 27 28 29 30 
—1.152 —0.820 —1.256 0.318 1.531 0.349 —0.058 — 5 
—0.291 0.085 1.701 —1.087 —0.443 —0.292 0248 0259 EL E - 
—0.938 0.130 0.634 0.899 1409 —0.883 -0095 0.229 0190 0818 
—0450 —0244 0.072 1.028 1730 —0.056 —1.488 —0.078 —2.361 By 

512 —0.882 0.490 —1.301 —0.266 0.757 —0.361 0194 —1078 0992 
—0.702 0.472 0.429 —0.664 —0.592 1443 —1515 — 

0.284 0.039 — 0.518 1.851 1473 0389 0300 0339 0958 1302 
—0.5 420 —0.782 —0.429 —1.266 0.627 —1.165 0819 0. ΐ 
—1.776 —1.033 1977 0014 0.702 - 0435 0555 114 0650 бш) 
—0.044 1.807 0.342 —2510 1.071 —1.220 —0.060 —0764 0:079 E. 

0.268 —0.578 1.612 —0.148 —0.383 —1.007 — | 

0.086 0439 —0192 —0.132 0167 0885 —0400 -149 0186 бш 
—0441 —0.852 —1.446 —0.605 —0:348 1.018 0.963 —0.00 0555 -1414 
—0.860 0.489 0097 0379 0192—0842 0065 1420 2204 —0847 
-L215 0.675 1.621 0.394 —1447 2.199 —0:321 - 0510 — 0037 0193 
—0.475 —1.210 0.183 0.526 0.495 = | 

1.200 0.131 2.502 0.344 - 1060 0205 1918 ВС Со 0000 
—0498 —1.202 —0.057 —1.354 —1441 - 1590 0,987 04 rons, —0.866 
—0.748 0.894 —0.028 1119 —0598 0279 2241 0839 0987 - 1.116 

0.779 —0.780 —0.954 0.705 —0.361 - 0784. 1365 1297 0341 m. 

ç А —0. —1.387 

—0.206 —0.195 1.017 —1.167 —0.079 —0.4 5 
092 —0.927 —0.439 0256 0508 0.338 0058 0962 0.304 - 0408 

—1222 —1.582 1.786 —0.517 —1.080 —0.409 —0:474 —1899 0118 —0.454 
0.068 0.075 —1.883 —0.084 0159 1276 1141 olse 0247 0.575 
0183 1.600 —0.335 1.553 0889 0896 —0.035 0:461 058 "1246 

. . x 946 

—0.811 —2.904 0618 0.588 0.533 0.808 — 

-1.010 1.149 1.083 0.336 1306 0з 4098 0590-0820 0557 
1453 1210 —0.043 0.220 -0256 —1.161 —2.030 0596 0420 0.004 
ΟἼ —0838 -0877 —0177 1183 —0218 —3.154 “0.963 Qe) _ 1.082 
Е 278 —0.454 0897 —0. f 021 03222 1-1 
ies 0122 0013 0346 0921 0238 014 

—0.669 0.035 —2.077 1.077 0.525 —0.154 — 

0.392 0.106 —1430 —0.204 —0.326 0825 5986 _0025 20220 0882 
—0.337 0.199 —0.160 0.625 —0.801 —1464 - 0314 1207 “1566 0.679 

0.369 --1.090 —1.190 0.666 —1.614 0.082 0922 ον 0932 —0.032 
71694 0.710 —0.655 —0.546 1654 0.134 046 0089 0888 Gees 

033 —9, 0.838 

0.985 0.340 0.276 0.911 —0.170 —0 
—1063 —0.594 - 1596 —0787 0:873 —0405 _1-000 СОЗ 0275 —0.304 

0.083 —1.527 1422 0.308 0.845 —0151 отп 0162 - 0.168 - 2.716 

0.597 0.362 —3.760 1159 0874 - 0794 - 0.015 1006 1212 0.828 
—1.601 —0.570 0.133 —0.660 1485 0:682 08ος ке 0927 —1248 

: . 658 0346 

—0.266 —1.309 0.597 0.989 0.934 1079 — 

0.901 1581 —0.889 —109 0:084 100 о 0999 T2036 —0.587 
—1433 —1.008 —0.990 0.000 0.940 0207 —0745 Wen) 0.678 —0.402 

1.327 0.708 —1724 —0.709 —1.100 —1346 "0048 Οὐ 1469 1214 
—0.248 0788 —0.577 0.122 —0.536 0298 1207 δες αὶ — 1.264 

: | 1.353 

—0.401 —0.670 0.921 0476 1421 — 

0.344 —0.324 0.686 —1487 —0126 003 -ogei 019» —0872 1511 

0.441 —0.372 —1.336 0.062 1.506 —0:315 —0112 _ 189 —0.358 - 0184 

0.824 0040 СТИ 021 0054 -0.379 1298 “ПТ 01594 —0.264 

; 390 —0.509 —0.381 —1.671 - 0.594 . 00» O. 104 =0, 

0.524 —0.805 1348 0:676 НС 
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Table 9-3. Random 


normal numbers, и = 0, с = 1 (continued) 


31 32 33 34 35 36 37 38 39 40 
1.556 0.119 —0.078 0.164 —0.455 0.077 —0.043 —0299 0.249 —0.182 
0.647 1.029 1.186 0.887 1.204 —0.657 0.644 —0.410 —0.652 —0.165 
0.320 0.407 1.169 —2.072 1.661 0.891 0.233 —1.628 —0.762 —0.717 

—1188 1171 —1.170 —0.291 0.863 —0.045 —0.205 0.574 —0.926 1.407 

—0.917 —0.616 —1.589 1184 0.266 0.559 —1.833 —0.572 —0.648 —1.090 
0.414 0.469 —0.182 0.397 1.649 1.198 0.067 —1.526 —0.081 —0.192 
0.107 —0.187 1.343 0.472 —0.112 1.182 0.548 2.748 0.249 0.154 

—0497 1.907 0.191 0.136 —0.475 0.458 0.183 —1.640 —0.058 1278 
0.501 0.083 —0.321 1.133 1.126 —0.299 1.299 1.617 1.581 2455 

—1.882 —0.738 1.225 1564 —0.363 —0.548 1070 0.390 —1398 0.524 

—0.590 0.699 —0.162 —0.011 1.049 —0.689 1.225 0.339 —0.539 —0.445 

—1.125 1.111 —1.065 0.534 0.102 0.425 —1.026 0.695 —0.057 0.795 
0.849 0.160 —0.351 0.584 2.177 0.009 —0.696 —0.426 —0.692 —1.638 

—1.233 —0.585 0.306 0.773 1.304 —1.304 0.282 —1.705 0.187 —0.880 
0.104 —0.468 0.185 0498 —0.624 —0.322 —0.875 1478 —0.691 —0.281 
0.261 —1.883 —0.181 1.675 —0.324 —1.029 —0.185 0.004 —0.101 —1.187 

—0.007 1280 0.568 —1.270 1405 1.731 2.072 1.080 0.728 —0.417 
0.794 —0.111 0.040 —0.536 —0.976 2.192 1.609 —0.190 —0.279 —1.011 
0.431 —2.300 —1.081 —1.370 2.943 0.653 - 2.523 0.756 0.886 —0.983 

—0.149 1.294 —0.580 0.482 —1.449 —1.067 1.996 —0.274 0.721 0490 

—0.216 —1.647 1.043 0.481 —0.011 —0.587 —0.916 —1.016 —1.040 —1.117 
1.604 —0.851 —0.317 —0.686 —0.008 1.939 0.078 —0.465 0.533 0.652 

—0.212 0005 0.535 0.837 0.362 1.103 0219 0.488 1.332 —0.200 
0.007 —0.076 1.484 0.455 —0.207 —0.554 1120 0.913 —0.681 1751 

—0.217 0.937 0.860 0.323 1.321 —0.492 —1:386 —0.003 —0.230 0.539 

—0.649 0.300 —0.698 0.900 0.569 0.842 0.804 1.025 0.603 —1.546 

—1.541 0.193 2.047 —0.552 1.190 —0.087 2062 —2.173 —0.791 —0.520 
0.274 —0.530 0.112 0.385 0.656 0.436 0.882 0.312 —2.265 —0.218 
0.876 —1498 —0.128 —0.387 —1.259 —0.856 —0.353 0.714 0.863 1.169 

—0.859 —1.083 1.288 —0.078 —0.081 0.210 0.572 1194 - 1118 —1.543 

—0.015 —0.567 0.113 2.127 —0.719 3.256 —0.721 —0.663 —0.779 —0.930 

—1.529 —0.231 1.223 0.300 —0.995 —0.651 0.505 0.138 —0.004 1.311 
0.278 —0.058 —2.740 —0.206 —1.180 0.574 1452 0.846 —0.243 —1.208 
1.428 0.322 2.302 —0.852 0.782 —1.322 —0.002 —0.546 0.560 —1.430 
0.770 —1.874 0.347 0.994 —0.485 —1170 0.048 —1.324 1.061 0449 

—0.308 —0.620 0.764 0.013 —1.192 —0.475 5 —0.880 1.738 —1.225 

—0.263 —2.105 0.509 —0.645 1362 0.504 1.274  L448 0604 
0.997 —1.187 —0.242 0.121 2510 —1.935 0.073 0.458 —0.446 

—0.063 —0.475 —1.802 —0.476 0.193 —1.199 0. 0.364 —0.681 1.353 

—0.168 1.904 —0.485 —0.032 —0.554 0.056 —0.710 —0.778 0.722 —0.024 
0.366 —0.401 0.301 —0.008 —0.804 —0.945 0.384 —1.748 —1118 0.394 
0.436 —0.464 05399 0.942 —0.458 0.445 —1.883 1228 1113 —0.218 
0.507 —1.471 —0.434 0.705 —0.788 0.575 0.086 0.501 1445 —0513 

—0.805 —0.624 1.344 0.649 - 1.124. 0.680 —0.986 1845 —1.152 - 0.303 
1.681 —1.910 0.440 0.067 —1.502 —0.755 —0.989 - 0.054 —2.320 0474 

—0.007 —0.459 1.940 0.220 —1.259 —1.729 0.137 —0.520 —0.412 2.847 
0209 —0.633 0299 0.174 1.975 —0.271 0.119 —0.199 0.007 2315 
1254 1.672 —1.186 —1.810 0474 0.878 —0.725 —0.191 0.642 —1.212 

—1016 —0.697 0017 —0.263 —0.047 —1.294 —0.339 2.257 —0.078 —0.049 

—1169 —0.355 1.086 —0.199 0.081 0.396 —0.143 1572 0.276 0.027 


Table 9-3. Random n 
i ormal n = 
umbers, и = 0,σ =1 (continued) 

so 2 _ 45 46 КИ 
9.856 —0063 0787 —2052 —1192 —os31 1623 — 

0379 —0440 0.898 Cd 0288 баш 0365 138) 0.750 —0.189 

1468 0131 0:047 0335 ος 0508 —1134 1: А 1.344 
et e К .355 0.162 — . 1.950 —1.816 — 

1805 —0772 1286 —0636 —1312 1041 1159 087 ER 

: рат 0493 —5. 

0.229 сода vus ον 0087 108 E E: -1051 —0.980 

382 —1454 1.537 —1.2 : 1.320 —0.824 —1. .091 —0.637 

; —1.299 0.363 — .824 —1.541 —0. 

0.978 0.109 1.434 —1094 - 0.265 NT 192 1773 2101 E 
i р I =L ne рр СО 
T0678 —2385 1302 159] 0547 —0201 —оз δω, 
204 —1.370 0.086 —0381 4:706 —1100 -ο LA -Q081 0.958 
—0:600 —0.096 0.696 ods 0.288 —0.309 —1.527 —Q. .636 0.570 

i 2 446 1.417 — 527 —0.408 0. 

0.918 1163—145 0759 030 —2140 0599 - 0157 ns 0.856 
EM 781 —0.056 —2.141 —0 234 1.387 

0.308 ΟΣ 0946 1.673 —0.680 —0.784 1 | iw 

Oley ме ooe crom ria м. 

ј 0:052 0.037 0534 0711 —0.511 0.187 —O. 0:314 —1`693 

а 637 —133 187 —0.644 — 

0480 —0.209 1659 004 10% 0:055 0.010 —0:860 у EC 
—1627 — : 794 —1.550 1; ї 
БИИ —0017 0009 0.661 —0.078 0188 11 е йлы 
E ИИ Ми E E СМЕ 

024 —1183 —0927 - 0 2206 —0151 —0.704 0. —0.062 1:378 

0.1 629 0.204 — ° 0.602 -- а 

92 0125 0.373 —0931 —0079 018—040 2543 0072 Таи 
—1.324 —1.229 —0.648 Ë 0.621 —0.292 1. 
—0.726 —0. 518 —0.430 0.811 n 
Ξ1618 100—090 "A420 150% -030 —QiST 1.845 —0.374 —0 

1:695 083 2040 0200 1.524 —0.418 —]. 10 —3117 1637 0:651 

0790 0:605 2:029 0.388 —0.207 1077 712 0868—1040 0:642 

605 —3.077 1.009 —0.906 - 1001 ΟΣ 0.055 0040 0587 

1.792 —0.895 —0.136 : 603 -1.098 1300 θ᾽ 

нЕ -0136 —1765 1.077 : ова 
1488 0423 0492 —0770 - 0458 0038 70150 0808 обот 
20201 1266 -1994 - 0788 —0.781 0.883 И: E] —0.066 EU 
d š i 5 109 — Е 

966 0009 0400 0685—0800 0597 0:269 0325 ee 1.644 
=. wer yan š - 1387 - 0097 — 0.985 

0.581 0481 —2 3 0.937 - 0.043 . 1.615 

0.370 му 0500 9000 pace 0.079 E M 0.300 —1.354 
—0376 osis Qui) T1039 —0.014 ας 0374 23:396 - 0516 

. 660 —1029 —0137 0.371 0512 - 0.47 0550 = 
— 1.62 i . 0. -881 —0.638 

0163 - Ото 054 —0376 —0852 0436 ед, 

1780 —0:938 - 0437 032 "o 1934 1:022 0815 —1.048 0188 

0.064 0218 — 0.351 —0.068 0251 Ec -0410 —0.947 0578 0.073 

Е 368 0419 —0982 0248 —1461 0784 0200 1000 

πο. : 0:100 —0 317 1:013 

789 —0131 1 505 08 
—0.011 —0.372 E 0.506 —0.645 —1414 556° 0.890 
соц Quia 2009 2282 -1395 0467 2220 1380 -0109 
ο. ЕЕ КЕ ЕК 
—1. 0.4 284 —0, 5E 4267 —01 τι. 

81 0560 1287 1199 El —0.589 020 E 0.624 
M26 0.000 1532 1335 0712 
3328 0.980 
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Table 9-4. Coefficients of orthogonal polynomials* 


See 
k |P X=1 2 3 4 5 ΣΕΞ | 2 


olynomial 6 7 8 9 10 | Σὲ 
3 | Linear —1 0 1 211 
Quadratic 1 —2 1 els 
Linear =3 =1 1 3 20 || 2 
4 | Quadratic Επι -1 1 “|1 
Cubic -- з —3 1 20 | 295 
Linear —2 =1 0 1 2 10| 1 
5 | Quadratic 2 -1 -2 -1 2 14) 1 
Cubic -l 2 о —2 1 10 
= Quartic 1 —4 6 —4 1 70 |2 
Linear —5 -3 = 1 3 5 70 | 2 
6 | Quadratic 5 —1 —4 -4 —1 5 84 | δέ 
Cubic —5 7 4 —4 -7 5 180 | δύ 
Quartic 1 —3 2 2 -3 1 28 | Из 
Linear -3 —2 —1 0 1 2 8 28 | 1 
7 Quadratic 5 0 — —4 —3 0 5 84 |1 
Cubic -ι 1 1 0 —1 -1 1 6| X 
Quartic 3 -7 1 6 1 —7 3 154 | Из 
Lincar —7 -5 —3 —1 1 3 5 7 168 | 2 
Quadratic 7 l —3 —5 -δ —3 1 1 168 | 1 
| 8 Cubic —7 5 7 3 —3 -7 —5 7 264 | 25 
Quartic 7 —13 -3 9 9  —3 —13 7 616 | м. 
1 Quintic —7 23 —17 —15 15 17 —23 7 2184 | Мо 
ү Lincar —4 — -2 —1 0 1 2 3 4 60 |1 
Quadratic 28 7 —8 —17 —20 —17 --ᾱ 7 28 2772.1 3 
9 Cubic —14 7 13 9 0 -9 —13 —7 14 990 | 54 
_A Quartic 14 —21 —11 9 18 9 -п —21 14 2002 | 24: 
| Quintic —4 H —4 —9 0 9 4 —1l 4 468 | 36ο 
= Linear —9 —7 -5 -3 —1 1 3 5 7 9| 330] 2 
Quadratic 6 2 —1 —3 —4 -4 -3 -1 2 6 132 | 14 
P 10 Cubic —42 14 35 31 12 —12 —31 —35 —14 42 8580 | sç 
7 Quartic 18 —22 —17 3 18 18 3 —17 —22 18 | 2860 D 
J Quintic —6 14 —1 —11 —6 6 11 1 —14 780 |1 


* Егот В. J. Winer, “Statistical Principles in Experimental Design," MeGraw- 
Hill Book Company, New York, 1962. 


^ 
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Table 9-5. Arcsin transformation (ф = 2 arcsin ν Ὁ» 


$ x $ x Ф 


006 .1551 | .046 .4323 | .41 1.3898 | 81 2.2395 976 2.8305 


007 .1675 | .047 .4371 | 42 1.4101 | 82 2.2653 .977 


:010 2003 | 050 450 45 14706 | 85 2.3462 | 980 


011 .2101 | .06 4949 | 46 1.4907 | .86 2.3746 -981 


016: 2537 | .11 6761 | .51 1.5908 | οἱ 2.5322 .986 


.020 2838 | 15 7954 55. 16710 | 95 2.6906 990 


991 2.9516 


j 996 3.0150 
427 .3500 | 22 9764 | 52 15120 957 27238 |, 


* From B. J. Winer, "Statistical Prine 
Hill Book Company, New York, 1962. 
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iples in Experimental Design," MeGraw- 


Table 9-6. Entropy of a discrete binary source* 


Р — Log P —P Log P H —Q Log Q — Log Q 

0.0001 13.287712 0.001329 0.001473 0.000144 0.000144 

0.0005 10.965784 | 0.005483 0.006204 0.000721 0.000722 

0.0010 9.965784 0.009966 0.011408 0.001442 0.001443 

0.0015 9.380822 0.014071 0.016234 0.002162 0.002166 

0.0020 8.965784 0.017932 0.020814 0.002882 0.002888 

0.0025 8.643856 | 0.021610 0.025212 0.003602 0.003611 

0.0030 8.380822 | 0.025142 0.029464 0.004322 0.004335 

0.0035 8.158429 | 0.028555 0.033595 0.005041 0.005058 

0.0040 7.965784 | 0.031863 0.037622 0.005759 0.005782 

0.0045 7.795859 0.035081 0.041559 0.006477 0.006507 

0.0050 7.643856 0.038219 0.045415 0.007195 0.007232 

0.0055 7.506353 0.041285 0.049198 0.007913 0.007957 

0.0060 7.380822 0.044285 0.052915 0.008630 0.008682 

0.0065 7.265345 0.047225 0.056572 0.009347 0.009408 

0.0070 7.158429 | 0.050109 0.060172 0.010063 0.010134 

0.0075 7.058894 | 0.052942 0.063721 0.010780 0.010861 

0.0080 6.965784 0.055726 0.067222 0.011495 0.011588 

I»" 0.0085 6.878321 0.058466 0.070676 0.012211 0.012315 

1 0.0090 6.795859 | 0.061163 0.074088 0.012926 0.013043 

on 0.0095 6.717857 | 0.063820 0.077460 0.013640 0.013771 

LA 0.0100 6.643856 | 0.066439 0.080793 0.014355 0.014500 

| 0.0110 6.506353 | 0.071570 0.087352 0.015782 0.015958 

“5 0.0120 6.380822 0.076570 0.093778 0.017208 0.017417 

0.0130 6.265345 0.081449 0.100082 0.018633 0.018878 

4 0.0140 6.158429 0.086218 0.106274 0.020056 0.020340 

; à 0.0150 6.058894 | 0.090883 0.112361 0.021477 0.021804 

| 0.0160 5.965784 0.095453 0.118350 0.022897 0.023270 

а 0.0170 5.878321 0.099931 0.124248 0.024316 0.024737 

9 0.0180 5.795859 | 0.104325 0.130059 0.025733 0.026205 

P 0.0190 5.717857 0.108639 0.135788 0.027149 0.027675 

4 0.0200 5.643856 | 0.112877 0.141441 0.028563 0.029146 

| 0.0210 5.573467 | 0.117043 0.147019 0.029976 0.030619 

Δ} 0.0220 5.506353 0.121140 0.152527 0.031388 0.032094 

[ 0.0230 5.442222 | 0.125171 0.157969 0.032797 0.033570 

г 0.0240 5.380822 | 0.129140 0.163346 0.034206 0.035047 

7 0.0250 5.321928 | 0.133048 0.168661 0.035613 0.036526 

0.0260 5.265345 | 0.136899 0.173917 0.037018 0.038006 

0.0270 5.210897 | 0.140694 0.179116 0.038422 0.039488 

4 0.0280 5.158429 | 0.144436 0.184261 0.039825 0.040972 

^ 0.0290 | 5.107803, 0.148126 | 0.189352 0.041226 | 0.042457 
4 * From F. M. Reza, “Ап Introduction to Information Theory," McGraw-Hill 


Book Company, New York, 1961. 


Table 9-6. Епїгору of а diserete binary source (eontinued) 


P | -rP | —Pros P H 


—Q Log Q — Log Q 
0.0300 5.058894 0.151767 0.194392 0.042625 0.043943 
0.0310 5-011588 | 0.155359 | 0.199382 | 0.044023 | 0 04543, 
0.0320 4.965784 0.158905 0.204325 0.045420 0.046921 
0.0330 4.921390 0.162406 0.209220 0.046815 0.048412 
0.0340 4.878321 | 0.165863 | 0.214071 | 0.048208 0.049905 
0.0350 4.836501 0.169278 0.218878 0.049600 0.051399 
0.0360 4.795859 | 0.172651 | 0.223642 | 0.050991 | o 052805 
0.0370 4.756331 0.175984 0.228364 0.052380 0.054392 
0.0380 4.717857 0.179279 0.233046 0.053767 0.055891 
0.0390 4.680882 | 0.182535 | 0.237688 | 0.055158 | o 057392 
0.0400 4.643856 | 0.185754 | 0.242202 | 0.056538 0.058894 
0.0410 4.608232 | 0.188938 | 0.246858 | 0. 057921 | 0.060397 
0.0420 4.573467 | 0.192086 | 0.251388 | 0. 059303 | 0.061902 
0.0430 4.539519 0.195199 0.255882 0.060683 0.063409 
0.0440 4.506353 | 0.198280 | 0.260341 | o 062061 | 0.064917 
0.0450 4.473981 | 0.201327 | 0.264765 | 0.063438 0.066427 
0.0460 4.442222 0.204342 0.269156 0.064814 0.067939 
0.0470 4.411195 0.207326 0.273514 0.066188 0.069452 
0.0480 4.380822 | 0.210279 | 0.277840 | 0.067560 0.070967 
0.0490 4.351074 | 0.213203 | 0.282134 | 0 068931 0.072483 
0.0500 4.321928 | 0.216096 | 0.286397 | 0.070301 0.074001 
0.0510 4.293350 | 0.218961 | 0.290630 | 0 071668 0.075520 
0.0520 4.265345 0.221798 0.294833 0.073035 0.077041 
0.0530 4.237864 | 0.224607 | 0.299007 0.074400 | 0.078564 
0.0540 4.210897 0.227388 0.303152 0.075763 0.080088 
0.0550 4.184425 0.230143 0.307268 0.077125 0.081614 
0.0560 4.158429 | 0.232872 | 0.311357 0.078485 | 0.083141 
0.0570 4.132894 | 0.235575 | 0.315419 0.079844 | 0.084670 
0.0580 4.107803 0.238253 0.319454 0.081201 0.086201 
0.0590 4.083141 | 0.240905 | 0.353462 | 0. 082557 | 0.087733 
0.0600 4.058894 0.243534 0.327445 0.083911 0.089267 
0.0625 4.000000 0.250000 0.337290 0.087290 0.093109 
0.0650 3.943416 0.256322 0.346981 0.090659 0.096962 
0.0675 3.888969 0.262505 0.356524 0.094019 0.100824 
0.0700 3.836501 0.268555 0.365924 0.097369 0.104697 
0.0725 3.785875 0.274476 0.375185 0.100709 0.108581 
0.0750 3.736966 0.280272 0.384312 0.104039 0.112475 
0.0775 3.689660 0.285949 0.393308 0.107360 0.116379 
0.0800 3.643856 0.291508 0.402179 0.110671 0.120294 
0.0825 3.599462 0.296056 0.410927 0.113972 0.124220 
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Р — Log P —P Log P H —Q Log Q — Log Q 
0.0850 3.556393 0.302293 0.419556 0.117263 0.128156 
0.0875 3.514573 0.307525 0.428070 0.120544 0.132104 
0.0900 3.473931 0.312654 0.436470 0.123816 0.136062 
0.0925 3.434403 0.317682 0.444760 0.127078 0.140030 
0.0950 3.395929 0.322613 0.452943 0.130329 0.144010 
0.0975 3.358454 0.327449 0.461020 0.133571 0.148001 
0.1000 3.321928 0.332193 0.468996 0.136803 0.152003 
0.1025 3.286304 0.336846 0.476871 0.140024 0.156016 
0.1050 3.251539 0.341412 0.484648 0.143236 0.160040 
0.1075 3.217591 0.345891 0.492329 0.146438 0.164076 
0.1100 3.184425 0.350287 0.499916 0.149629 0.168123 
0.1125 3.152003 0.354600 0.507411 0.152811 0.172181 
0.1150 3.120294 0.358834 0.514816 0.155982 0.176251 
0.1175 3.089267 0.362989 0.522132 0.159143 0.180332 
0.1200 3.058894 0.367067 0.529361 0.162294 0.184425 
0.1225 3.029146 0.371070 0.536505 0.165434 0.188529 
0.1250 3.000000 0.375000 0.543564 0.168564 0.192645 
0.1275 2.971431 0.378857 0.550542 0.171684 0.196773 
0.1300 2.943416 0.382644 0.557438 0.174794 0.200913 
0.1325 2.915936 0.386361 0.564255 0.177893 0.205064 
0.1350 2.888969 0.390011 0.570993 0.180982 0.209228 
0.1375 2.862496 0.393593 0.577654 0.184061 0.213404 
0.1400 2.836501 0.397110 0.584239 0.187129 0.217591 
0.1425 2.810966 0.400563 0.590749 0.190186 0.221791 
0.1450 2.785875 0.403952 0.597185 0.193233 0.226004 
0.1475 2.761213 0.407279 0.603549 0.196270 0.230228 
0.1500 2.736966 0.410545 0.609840 0.199295 0.234465 
0.1525 2.713119 0.413751 0.616061 0.202311 0.238715 
0.1550 2.689660 0.416897 0.622213 0.205315 0.242977 
0.1575 2.666576 0.419986 0.628295 0.208309 0.247251 
0.1600 2.643856 0.423017 0.634310 0.211293 0.251539 
0.1625 2.621488 0.425992 0.640257 0.214265 0.255839 
0.1650 2.599462 0.428911 0.646138 0.217227 0.260152 
0.1675 2.577767 0.431776 0.651954 0.220178 0.264478 
0.1700 2.556393 0.434587 0.657705 0.223118 0.268817 
0.1725 2.535332 0.437345 0.663392 0.226047 0.273169 
0.1750 2.514573 0.440050 0.669016 0.228966 0.277534 
0.1775 2.494109 0.442704 0.674577 0.231873 0.281912 
0.1800 2.473931 0.445308 0.680077 0.234769 0.286304 
0.1825 2.454032 0.447861 0.685516 0.237655 0.290709 
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Table 9-6. Епїгору of a diserete binary souree (continued) 


TONERE 

P — Log P —P Log P H —Q Log Q — Log Q 
0.1850 2.434403 0.450365 0.690894 0.240529 0.295128 
0.1875 2.415037 | 0.452820 0.696212 0.243393 0.299560 
0.1900 2.395929 0.455226 0.701471 0.246245 0.304006 
0.1925 2.377070 | 0.457586 0.706672 0.249086 0.308466 
0.1950 2.358454 0.459899 0.711815 0.251916 0.312939 
0.1975 2.340075 | 0.462165 0.716900 0.254735 0.317427 
0.2000 2.321928 0.464386 0.721928 0.257542 0.321928 
0.2050 2.286304 | 0.468602 | 0.731816 | 0.263124 | 0.330973 
0.2100 2.251539 | 0.472823 0.741483 0.268660 0.340075 
0.2150 2.217591 0.476782 0.750932 0.274150 0.349235 
0.2200 2.184425 0.480573 0.760167 0.279594 0.358454 
0.2250 2.152003 0.484201 0.769193 0.284992 0.367732 
0.2300 2.120294 0.487668 0.778011 0.290344 0.377070 
0.2350 2.089267 0.490978 0.786626 0.295648 0.386468 
0.2400 2.058894 0.494134 0.795040 0.300906 0.395929 
0.2450 2.029146 0.497141 0.803257 0.306116 0.405451 
0.2500 2.000000 | 0.500000 0.811278 0.311278 0.415037 
0.2550 1.971431 0.502715 0.819107 0.316392 0.424688 
0.2600 1.943416 | 0.505288 0.826746 0.321458 0.434403 
0.2650 1.915936 | 0.507723 0.834198 0.326475 0.444184 
0.2700 1.888969 0.510022 0.841465 0.331443 0.454032 
0.2750 1.862496 | 0.512187 0.848548 0.336362 0.463947 
0.2800 1.836501 0.514220 0.855451 0.341230 0.473931 
0.2850 1.810966 0.516125 0.862175 0.346049 0.483985 
0.2900 1.785875 0.517904 0.868721 0.350817 0.494109 
0.2950 1.761213 0.519558 0.875093 0.355535 0.504305 
0.3000 1.736966 0.521090 0.881291 0.360201 0.514573 
0.3050 1.713119 0.522501 0.887317 0.364816 0.524915 
0.3100 1.689660 | 0.523795 0.893173 0.369379 0.535332 
0.3150 1.666576 0.524972 0.898861 0.373890 0.545824 
0.3200 1.643856 0.526034 0.904381 0.378347 0.556393 
0.3250 1.621488 | 0.526984 0.909736 0.382752 0.567041 
0.3300 1.599462 | 0.527822 0.914926 0.387104 0.577767 
0.3350 1.577767 0.528552 0.919953 0.391402 0.588574 
0.3400 1.556393 0.529174 0.924819 0.395645 0.599462 
0.3450 1.535332 | 0.520689 | 0.920523 | 0.399834 | o. 610433 
0.3500 1.514573 0.530101 0.934068 0.403907 0.621488 
0.3550 1.494109 | 0.530409 | 0.938454 | 0.408046 | 0.632029 
0.3600 1.473931 0.530615 0.942683 0.412068 0.643856 
0.3650 1.454032 0.530722 0.946755 0.416034 0.655171 
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Table 9-6. Entropy of a discrete binary source (continued) 


нер ο .''..'.  . 


Р —Log P | —P Log P H -QLogQ | —Log Q 
0.3700 1.434403 0.530729 0.950672 0.419943 0.666576 
0.3750 1.415037 0.530639 0.954434 0.423795 0.678072 
0.3800 1.395929 | 0.530453 | 0.958042 | 0.427589 | 0.689660 
0.3850 1.377070 0.530172 0.961497 0.431325 0.701342 
0.3900 1.358454 | 0.529797 | 0.964800 | 0.435002 | 0.713119 
0.3950 1.340075 0.529330 0.967951 0.438621 0.724993 
0.4000 1.321928 | 0.528771 | 0.970951 | 0.442179 | 0.736966 
0.4050 1.304006 | 0.528122 | 0.973800 | 0.445678 | 0.749038 
0.4100 1.286304 | 0.527385 | 0.976500 | 0.449116 | 0.761213 
0.4150 1.268817 | 0.526559 | 0.979051 | 0.452493 | 0.773491 
0.4200 1.251539 | 0.525646 | 0.981454 | 0.455808 | 0.785875 
0.4250 1.234465 | 0.524648 | 0.983708 | 0.459061 | 0.798366 
0.4300 1.217591 0.523564 0.985815 0.462251 0.810966 
0.4350 1.200913 0.522397 0.987775 0.465378 0.823677 
0.4400 1.184425 | 0.521147 | 0.989588 | 0.468441 | 0.836501 
0.4450 1.168123 | 0.519815 | 0.991254 | 0.471439 | 0.849440 
0.4500 1.152003 | 0.518401 | 0.992774 | 0.474373 | 0.862496 
0.4550 1.136062 | 0.516908 | 0.994149 | 0.477241 | 0.875672 
0.4600 1.120294 | 0.515335 | 0.995378 | 0.480043 | 0.888969 
0.4650 1.104697 | 0.513684 | 0.996462 | 0.482778 | 0.902389 
0.4700 1.089267 | 0.511956 | 0.997402 | 0.485446 | 0.915936 
0.4750 1.074001 0.510150 0.998196 0.488046 0.929611 
0.4800 1.058894 | 0.508269 | 0.998846 | 0.490577 | 0.943416 
0.4850 1.043943 | 0.506313 | 0.999351 | 0.493038 | 0.957356 
0.4900 1.029146 0.504282 0.999711 0.495430 0.971431 
0.4950 1.014500 0.502177 0.999928 0.497751 0.985645 
0.5000 1.000000 0.500000 1.000000 0.500000 1.000000 
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